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ook  closely. 
Here  lies  the  reflection  of  your  good 
JLidgement.  In  recognizing  that  your 
patients  rely  upon  the  most  c]ualiried 
clinical  decisions,  Nellcor  Puritan 
Bennett  brings  you  effective  inlorma- 
tion  tools  lor  making  them  with  confi- 
dence and  clarity. 

Introducing  new  trending  parameters 
for  the  7250  Metabolic  Monitor 

Together,  with  the  7200  Series 
Ventilator,  thev  comprise  a  xentilatory 
system  that  gives  you  more  than  respi- 
ratory and  metabolic  data.  It  gives  you 
the  means  to  look  beyond  the  surface 
to  e\aluate  a  patient's  status  at  a  glance. 


According  to  Dr.  C.  Price,  M.D.,  CM., 

F.R.C.P.  and  Gail  Long,  RRT,  of  Credit 

Valley  Hospital  in  Ontario  Canada, 

"In  our  opinion,  the  7250 
Metabolic  Monitor  provided  an 

accurate  assessment  of  our 
patient's  nutritional  requirements 

and  assisted  us  in  making  the 

necessary  adjustments  to  quickly 

wean  him  from  the  ventilator." 

We  even  make  continuous  trending 
look  easy.  With  the  new  Graphics  2.0 
software  option,  you  can  trend  the 
following  metabolic  monitoring  para- 
meters for  up  to  72  hours:  O^  con- 


W'ttli  the  new  7250  Melnlwlic  Afo/iKor 
and  (.jniplucs  2.0.  irendiuji  [larumeters 
iuch  as  V'Oj  clearly  show  your  patient's 
response  to  decreased  ventthuor)'  support 
during  weaning. 
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sumption,  COi  production,  respiratory 
quotient  and  energy  expenditure.  So 
you  won't  waste  your  own  energy 
attempting  to  estimate  the  complete 
daily  nutritional  picture  from  incon- 
clusi\e  spot  checks. 

See  your  patients  more  clearly 

To  fmd  (Hit  more  about  our  "New 
Tools  for  Greater  Insight,"  contact  the 
world's  leading  supplier  of  ventilator 
systems.  Call  Nellcor  Puritan  Bennett  at 

800-NELLCOR;  (U.S.A.) 

510-463-4000 

Fax:  510-463-4420 

-1-31.73.6485200  (EuROPK) 
Fax:-h31.73.6410915 


NELLCOR 
PURITAN 
BENNETTm 


http://www.nellcorpb.com 

72(>0  and  7250  are  trademarks  of  Nellcor  Puritan  Bennett. 
01996  Nellcor  Puritan  Bennett  Inc.  All  rights  reserved. 
A-AA2210.01(l/96) 


^ySl^'T-^'Sij^''^^^:  ''■':''-■  '■  ''/''■ 


!H»-'Cg'«<C^ 


-.'!Trfyy>TgEST^JLK-'->-V':-'  ■ 


This  summer,  the  AARC  takes  its 
Summer  Forum  back  to 

jCaples^  Jlorioa 


The  beauty  of  the  seashore  provides  a 

great  backdrop  for  sessions  designed  to 

help  RCPs  face  new  challenges. 

Meet  at  The  Registry  Resort 
July  12-14, 1996 

If  you  are  seeking  ways  to  understand  the  rapid  changes 

taking  place  in  health  care  today,  and  if  you  want  to  learn  how 

to  adapt  to  those  changes,  then  don't  miss  this  meeting! 

Look  for  program  and  registration  information  in 

the  April  issue  of  AARC  Times. 


PRESENTING 

THE  FIRST 

PORTABLE 

VENTILATOR 

T,  THAT      I 

DOESNT 

m  HAVE TO 

APOLOGIZE 

FOR  BEING 

PORTABLE! 


•Respiratory  Care  Magazine, 
January  1992,  Vol.  37,  No.  1. 


^    Blender 


60  70 

—90 


Compare  Uni-Vent      to  any  other  portable 
ventilator  and  you  will  quickly  see  why 
the  Model  750  is  in  a  class  by  itself.* 


I  "'=H  PRESSURE 

aJ  PEEP  NOT  sgy 


ALARM  STATUS 


•  ^'^T  POWER 

•  POWER 

ASSIST   HsT 


•  Control,  Assist-Control  and  SIMV  operating  modes, 
optional  electronic  demand  valve  -  all  PEEP  compensable! 

•  Comprehensive  alarm  system  and  automatic  continuous  sys 
self-checks  for  maximum  safety! 

•  Easy-to-operate,  logical  control  groupings,  simplify  personnel  training! 

•  Operates  from  internal  battery  or  external  power  -  consumes  no  gas! 

•  High-reliability,  electronic  circuitry  is  unaffected  by  changes  irvaltltude! 
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ormation  on  the  Uni-vAt^**^  fUlodel  750,  or  the  name  of  your  local  Representative,  call  Impact  today! 
rumentation,  Inc.,  27  Fairfield  Place,  P.O.  Box  508,  West  Caldwell,  NJ  07006  1-800/969-0750 
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Sooner  or  later, 
be  Aveaiiiig  liiiii  off  llie  \ml 


So  \\ii\'  iiol  make  il  sooner? 

Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

Considering  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
patients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  COi-as  part  of  a  weaning  protocol-provides 

timel}'  information  to  lielp 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
protocol  that  leads  to  fewer 
.ABGs  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MLOS,  and  make  bed 
utilization  more  efficient. 


With  the  Ultra  Cap  monitor,  the 
effects  of  ventilator  settings  can 
he  measured  breath  to  breath, 
rather  than  after  the  10-  to  20- 
miniite  waits  associated  witli 
blood iifas  analysis. 


Make  the  Ultra  Cap  monitor  a  part 
of  your  ventilator  weaning  process. 

Nelkor  I'uritaii  liennett  can  help  you  Integrate 
capnographv  into  a  %itai  and  effective  weaning  protocol. 
Take  advantage  of  our  extensive  training  and  support 
materials,  including  our  comprehensi\e  collection  of 
institutional  weaning  protocols.  And  you  can  use  our 
Ultiii  (.".(/)■  capnograph  and  pulse  oximeter  to  implement 
a  protocol  of  your  own. 

Because  when  it  comes  to  weaning  patients  off  the 
ventilator,  we  think  you'll  agree-the  sooner,  the  better. 

lor  more  information,  contact  your  local  representative 
or  call  1-800-NELLCOR  or  -SlO-46.3-4000.  (Call  our 
European  office  at  +31.73.426565  or  our  Asia/Pacific 
office  at +852.2529. 0363.) 


NELLCOR 
PURITAN 
BENNETT 


Ultra  Cap  is  a  trademark  of  Nellcor  I'uritan  Bennett  Inc. 
©  1995  Nellcor  Puritan  Bennett  Inc.  All  rights  reserved. 
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Abstracts 
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Editorials,  Commentarits.  and  Reviews  To  Note 

Laryngeal  Mask  Ainvav  and  the  ASA  DifHcutt  Airway  Algorithm  (Review).  JL  Benumof.  Anes- 
Ihcsiology  iyy6;S4(3):686-6W. 

Science  Challenges  the  Dogmas  ofCPR  {Editorial).  MH  Weil.  Chcsl  m46;l(W(3):3'^7-5'^8. 

Pulmonary  Complications  of  Bone  Marrow  Transplantation  (Review).  Chest  1996;1()9(4). 
I()ei6-I()77. 

I.ung  Reduction  Surgery:  Where  Are  We  Heading?  (Editorial)  M  Cutaia.  Chest  Iy96;in9(4): 
S6(i-S6S. 

Is  Volume  Reduction  Surgery  Appropriate  in  the  Treatment  of  Kmphysema?  (Editorial).  Yes 
JD  Ccwper.  SS  Ixl ral^.  Am  J  Respir  Crit  Care  Med  1 996;  1  .'1.^(4 ):  1 2{)  1  - 1 2(U.  No.  BJ  Make.  Am  J  Respir 
Crit  Care  Med  1 996;  1 5.<(4 ):  1 2().'i- 1 207. 

Health-Care  Technology  Assessment  of  Surgical  Procedures:  The  Case  <if  Reduction  Pneu- 
moplasty  for  Emphysema  (I^llmonar^  Perspective).  GL  Snider.  Am  J  Respir  Cm  Cue  Med  1996;153 
(4);  1208- 1213. 


Clinical  Diagnostic  Criteria  of  the  Adult  Res- 
piratory Distress  Syndrome  in  the  Intensive 
Care  Unit— DS  Zaccardelli.  EN  Pattishall.  Crit 
Care  Med  1996;24(2):247. 

OBJECTIVES:  To  determine  the  use  of  com- 
monly useii  diagnostic  criteria  for  adult/acute  res- 
piratory distress  syndrome  (.^RDS ).  eviUuate  phys- 
iologic variables  of  most  value  in  diagnosing 
ARDS,  and  assess  the  frequency  of  newly  di- 
agnosed ARDS.  DESIGN:  Self-administered 
questionnaire  by  mail.  SETTING:  Hospital  in 
tensive  care  units  (ICUs).  SUBJECTS:  Intensive 
ciire  physicians  (n  =  923)  in  the  United  States  list- 
ed as  ICU  directors  in  the  Six.'iety  of  Critical  Care 
Medicine  Membership  Directory.  INTERVEN- 
TIONS: None.  MEASUREMENTS  &  MAIN 
RESULTS:  A  total  of  448  (48.?';; )  physicians  re- 
sponded, with  301  questionnaires  completed.  Bi- 
lateral infiltrates  on  chest  radiograph,  the  Pa02/F|0; 
ratio,  and  pulmonary  artery  occlusion  pressure 
were  the  most  commonly  used  diagnostic  crite- 
ria. However,  the  actual  values  used  to  diagnose 
ARDS  were  highly  variable.  The  most  important 
clinical  physit)lt)gic  variable  used  in  determin- 
ing the  respiratory  status  of  the  .VRDS  patient  was 
the  1  ao.-/E|o;  ratio,  followed  b\  shunt  fraction.  ;ilve- 
olar-;ulerial  oxygen  tension  gradient.  Fio;.  PaO;. 
respiratory  system  compliance,  and  minute  ven- 
tilation. Respondents  indicated  that  9%  of  ICU 
beds  at  their  institutions  were  occupied  by  a  pa- 
tient diagnosed  with  ARDS  within  the  previous 
7  davs  and  18.6'f  ol  all  mechanicallv  ventilat- 


ed patients  had  ARDS  by  their  own  criteria.  Based 
on  the  total  number  of  ICU  beds,  the  predicted 
incidence  of  ARDS  would  be  5275.000  pa- 
tients/year in  the  United  Stales.  CONCLUSION: 
A  wide  range  of  diagnostic  crilcria  are  utilized 
by  clinicians  in  the  diagnosis  of  ARDS. 

A  Comparison  iHtwirn  an  Outpatient  Hospital- 
Based  I'ulmonarv  Rehahilitalion  Program  and 
a  Home-Care  Pulmonary  Rehabilitation  Pro- 
gram in  Patients  with  COPD:  A  Follow-up  of 
18  Months— JH  Strijbos.  DS  Postma,  R  VanAI- 
tcna.  E  Gimeno.  GH  Koeter.  Chest  1996;  109 
(2):366. 

.■\IM:  In  this  study,  the  effects  of  a  1 2-week  hos- 
pital-based outpatient  pulmonary  rehabilitation 
program  (HRP)  are  compared  with  those  of  a  12- 
week  home-care  rehabilitation  program  (HCRP) 
in  COPD  patients.  A  control  group  received  no 
rehabilitation  therapy.  METHODS:  After  ran- 
domization and  stratification,  effects  on  lung  func- 
tion, exercise  performance  (4-min  walking  test 
and  cycle  ergometer  test ),  tlyspnea.  and  leg  effort 
during  exercise,  and  well-being  vvere  assessed  in 
4.5  COPD  patients  with  nioderale  to  severe  air- 
flow limitation  (mean  ISDIETVi  percent  predict- 
ed. 42.8  |8.4| ).  RESULTS:  After  HRP  .ind  HCRP. 
at  3  to  6  months  after  the  start  of  the  study,  equal 
improvements  were  detected  in  exercise  capac- 
ity and  in  Borg  dyspnea  and  leg  effort  scores  at 
similar  work  levels  during  the  cycle  test.  How- 
ever, whereas  after  HRP  at  longer  tenii  values 


tended  to  return  to  ba.seline  outeoine.  after  HCRP 
a  further  ongoing  significant  improvement  in  ex- 
ercise capacity  was  observed,  while  Borg  dysp- 
nea scores  remained  significantly  improved  over 
18  months.  Improvements  in  cycle  workload  and 
dyspnea  score  were  significantly  better  maintained 
after  HCRP  as  compared  with  HRP.  Lung  func- 
tion, iirterial  oxygen  saturation,  and  heart  frequency 
during  exercise  did  not  change.  A  significant  im- 
provement in  well-being  was  maintained  over  18 
months  in  both  rehabilitation  groups.  CON- 
CLUSION: Beneficial  effects  are  achieved  both 
after  a  HRP  and  a  HCRP  in  COPD  patients  with 
nuxierate  to  severe  airflow  limitation.  Yet  we  rec- 
ommend to  initiate  HCRPs  as  improvements  are 
maintained  longer  and  are  even  further  strength- 
ened in  this  setting.  Sec  the  nhtted  cililoriul:  Pul- 
monary Kehahililatum:  Does  the  Site  Matter? — 
HM  Thomas  III.  Chcsl  IWf>: l09(2):2W-300. 

An  Kducation  Pnigram  for  Parents  of  Children 
with  .\slhma:  Differences  in  Attendance  be- 
tween Smoking  and  Nonsmoking  Parents — L 

Fish.  SR  Wilson.  DM  Liitini.  NJ  Starr.  Am  J  Pub- 
lic Health  1996;86(2):246. 

We  studied  smoking  status  in  relation  to  parental 
attendance  at  an  asthma  education  program  for 
child  patients  of  a  health  maintenance  organiza- 
tion. Nonattendance  rates  were  24%,  42%,  and 
78%  in  nonsmoking.  I -smoker,  and  2-or-more- 
smokcr  families,  respectively,  and  33%  overall. 
Onlv  the  number  of  smokers  (odds  ratio  [OR]  = 
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where  no  other  spacer 
has  gone  before. 

Everywhere. 


When  used  with  i  metered  dose 
inhaler  (IVll)l),the  univers;il  ACE 
Aerosol  C^loud  Enhancer  by  DHD  lets 
you  dehver  aerosolized  niedic.itions  m  a 
variety  of  settings: 

In  the  ventilator  circuit. 

•  ace's  patented,  cone-shaped  chainber 
captures  and  delivers  up  to  46'Xi  of 
aerosolized  ineciication  to  the  end  of  die  endotracheal  tube.' 
Standard  fittings  on  the  ACE  allow  for  a  convenient  connection 
bet\\eeii  the  patient  circuit  wye  and  inspiratory  limb. 
'  Medicarion  is  actuated  away  troni  the  patient,  allowing  tune  tor 
the  aerosol  cloud  to  form  while  inininuzing  impaction. 

In  routine,  oral  therapy. 

•  ACE  s  clear  holding  chamber  helps 
asthma  patients  visually  confirm 
availability  of  prescribed  bronchodilator. 
One-way,  valved  mouthpiece 

encourages  patient 
coorclination. 


•  Coaching  whisde  is  calibrated  to  acdvate  at  3(1  Ipiii,  reminding 
patients  to  slow  their  inspiratory  rate  and  promoting  maximum 
drug  deposition.- 

•  Durable,  dishwasher-safe  ACE  is  easy  to  clean  and  reassemble 
at  home. 

In  other  MDI  delivery  applications. 

ACE  can  also  be  used  with  an  incentive  spirometer,  a  iion- 
rebreathing  T-piece,  in  conjuncrion 
with  an  endotracheal  airway,  and 
directly  connected  to  a  ^^^^^^^^^ 

resuscitation  basj.  ^^^^^^^v9l 


The  benefits  are  universal. 

By  stocking  only  one  type  ot 
MDI  spacer  instead  of  two  or  three. 
you'll  saw  money  and  inventory 
space.  And  because  ACE  works  tor 

multiple  aerosol  delivery  situations,  you'll  reduce  stall  training 
rime  and  maximize  efficiency  For  more  information  on  the 
universal  ACE  Aerosol  Cloud  Enhancer,  or  a 
fi-ee  catalog  of  DHD  respiratory  care  products, 
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3. 1 ;  95%  confidence  interval  |CI  1  =  1 .8.  5.3 1  and 
perceived  adverse  impact  of  asthma  on  the  fam- 
ily (OR  =  0.4;  95%  CI  =  0.2,  0.9)  were  retained 
in  a  multivariate  model  that  correctly  classified 
73%  of  families;  demographic  characteristics,  fre- 
quency of  asthma  symptoms,  and  health  care  use 
were  rejected.  There  was  a  tendency  for  smok- 
ing parents  lo  deny  that  their  child  had  asthma 
(17%  among  families  vi.  ilh  2  or  more  smokers;  9% 
among  nonsmoking  families).  Asthma  education 
programs  may  fail  lo  invoke  parents  who  smoke. 

Kt-t>i(>nal  Tracheal  Blood  H(>«  during  Con- 
Neiilional  and  High-Frequency  .let  Ventilation 
in  Suckling  Pigs— KA  Cavanagh,  HF  Hill.  \VV 
V\o|cicchowski.  JC  Parker.  Crit  Care  Med  1996; 
24(2l:280. 

(JBJKCTIVE:  To  determine  whether  intubation 
and  ventilation  with  either  conventional  me- 
chanical ventilation  or  high-frequency  jet  ven- 
tilation, using  dry  or  humidified  gas.  could  induce 
regional  tracheal  ischcinia  and  serve  as  a  basis 
for  the  tracheal  necrosis  observed  clinically  dur- 
ing ventilation.  DESIGN:  Prospective,  multiple 
group,  controlled  experimenlal  study.  SETTING: 
Medical  school  research  laboratory.  SL'BJECTS: 
Twenty.  3-  to  5-week-old  suckling  pigs.  IN- 
TERVENTIONS: Anesthetized,  closed-chest 
piglets  were  intubated  and  ventilated  for  30  min- 
utes with  conventional  mechanical  ventilation  and 
then  ventilated  for  2  additional  hours  with  either 
conventional  mechanical  ventilation  or  high-fre- 
quency jet  ventilation.  Groups  were  also  venti- 
lated, using  both  modes  of  ventilation,  with  ei- 
ther 37"  C  humidified  gas  or  25^^  C  dry  gas. 
MEASUREMENTS  &  MAIN  RliSl'ETS:  BIikkI 
llow  groups  were  compared  during  spontaneous 
breathing,  conventional  mechanical  ventilation, 
high  frequency  jet  ventilation  and  both  ventila- 
tion modes,  using  37°  C  huinidificd  or  22°  C  dry 
inspired  gas.  Groups  were  compared,  using  an 
analysis  of  variance  with  a  Newman-Keul's  post- 
test.  Regional  tracheal  blotxl  llow  was  measured, 
using  radioactive  microspheres.  Cardiac  oulpul 
and  organ  blood  flows  were  also  monitored.  Tra- 
cheal blood  llow  increased  10.3-fold  within  30 
minutes  after  intubation,  but  there  were  no  sig- 
nificant differences  in  regional  or  total  tracheal 
blixxl  llow  between  conventional  mechanical  ven- 
tilation and  high-frequency  jet  ventilation,  using 
37°  C  humidified  gas.  Tracheal  blood  llow  was 
increased  further  using  high-frequency  jet  ven- 
tilation and  25°  C  dry  gas  but  not  conventional 
mechanical  ventilation  with  dry  gas.  Although 
ventilation  reduced  cardiac  output  by  =.^(l'r.  there 
were  no  significant  differences  in  <irgan  distri- 
bution between  modes  of  ventilation.  CON- 
CLUSIONS; Acute  tracheal  hyperemia  ixcuned 
with  intubation  and  ventilation  with  both  con- 
ventional mechanical  ventilation  and  high-fre- 
quency jet  ventilation  but  no  differences  were  ob- 
served between  ventilation  mixles.  Hv'pcn;mia  was 
further  increa.sed  \v  ith  cixil.  dn  inspiivd  gas.  using 


high-frequency  jet  v  entilation  but  not  conventional 
mechanical  ventilation.  Although  acute  tracheal 
ischemia  was  not  produced  by  high-frequency  jet 
ventilation  or  conventional  mechanical  ventila- 
tion, factors  which  alter  the  balance  between  ar- 
terial supply  and  metabolic  demand  or  induce  in- 
llammalion  may  contribute  to  the  tracheal  necrosis 
reported  during  sustained  ventilation. 

The  Impact  of  FAtracor|x>real  Membrane  Oxy- 
genation on  Survival  in  Pediatric  Patients  vv ith 
.Acute  Respiratory  F'ailurc — TP  Green.  OD  Tim- 
mons.  JC  Fackler.  FW  Moler.  AE  Thompson.  MF 
Sweeney,  for  the  Pediatric  Critical  Care  Study 
Group.  Crit  Care  Med  I996;24(2):323. 

OBJECTIVE:  Extracorporeal  membrane  oxy- 
genation (ECMO)  has  been  used  with  increas- 
ing frequency  in  the  treatment  of  acute  respira- 
tory failure  in  pediatric  patients.  Our  objective 
in  this  study  was  to  test  the  hypothesis  that  ECMO 
improves  outcome  in  pediatric  patients  w  ith  acute 
respiratoiy  failure.  DESIGN:  Multicenter.  retro- 
spective cohort  analysis.  SETTING:  Forty-one 
pediatric  intensive  care  units  participated  in  the 
.study  under  the  auspices  of  the  Pediatric  Criti- 
cal Care  Study  Group.  PATIENTS:  All  pediatric 
patients  admitted  lo  the  participating  institutions 
with  acute  respiratory  failure  during  1991  were 
included.  Patients  with  congenital  heart  disease, 
contraindications  to  ECMO.  or  incomplete  data 
were  excluded,  yielding  a  data  set  of  33 1  patients 
from  32  hospitals.  INTERVENTIONS;  Con- 
ventional mechanical  ventilation,  high-frequency 
ventilation,  and  extracorporeal  membrane  oxy- 
genation, MEASUREMENTS  &  MAIN  RE- 
SULTS: Multivariate  logistic  regression  analy- 
sis was  used  to  identify  factors  associated  wilh 
surv  iv  al.  In  a  second  analysis,  pairs  of  ECMO  and 
non-BCMO  patients,  matched  by  severity  of  dis- 
ease and  respiratory  diagnosis,  were  compared. 
The  use  of  ECMO  (p  =  0.0082).  but  not  the  u.se 
of  high-frequency  ventilation,  was  associated  with 
a  reduction  in  mortality.  Other  factors  indepen- 
dently associated  wilh  mortality  included  oxy- 
genation index  (p  <  O.OOOl  1.  Pediatric  Risk  of 
Mortality  score  (PRISM)  (p  <  0.(K)()1 )  and  the 
P.iO);  (P  =  0.045).  In  53  diagnosis-  and  risk- 
matched  pairs,  there  was  a  significantly  lower 
mortality  rate  (26.4%  vs  47.2% ;  p  <  0.01 )  in  the 
ECMO-lreated  patients.  When  all  patients  were 
stratified  into  mortality  risk  quartiles  on  the  basis 
of  oxygenation  index  and  PRISM  score,  the  pro- 
portion of  deaths  among  ECMO-lreated  patients 
in  the  50-75'^r  mortalitv  risk  cjuartile  was  less  than 
half  the  proportion  in  the  non-ECMO  treated  pa- 
tients ( 28.6%  vs  7 1 .4% ;  p  <  0.05 ).  No  effect  was 
seen  in  the  other  quartiles.  CONCLUSIONS:  The 
use  of  ECMO  was  associated  w  iih  an  improved 
surv  iv  al  in  pediatric  patients  w  ith  a-spiratory  fail- 
ure. Tlie  lack  of  asstx-iation  of  outcome  with  treat- 
ment in  the  ECMO-capable  hospital  or  with  an- 
other tertiary  technology  (ie.  high-frequency 
venlilationl  suggests  that  ECMO  itself  was  re- 


sponsible for  the  improved  outcome.  Further  stud- 
ies of  this  procedure  are  w  arranted  but  require 
broad-based  multi-institutional  participation  to 
prov  ide  sufficient  statistical  power  and  sensitivity 
to  demonstrate  efficacy. 

Effectiveness  of  Nitric  Oxide  Inhalation  in  Sep- 
tic ARDS— P  Krafft,  P  Fridnch.  RD  Fitzgerald, 
D  Koc,  H  Steltzer.  Chest  1996;  1 09(2 1:486. 

OBJECTIVE:  To  evaluale  the  percentage  of  ni- 
tric oxide  (NOl  respondcrs  in  septic  shock  patients 
wilh  .ARDS.  Addilioiiiilly,  lo  investigate  long-term 
NO  effects  on  cardiac  performance  and  oxygen 
kinetic  patterns  in  NO  responders  versus  non- 
responders.  DESIGN:  Prospective  cohort  study. 
SETTING;  ICU  of  a  university  hospital.  PA- 
TIENTS; Twenty-five  consecutive  patients  with 
a  diagnosis  of  septic  shock  and  established  ARDS 
requiring  inotropic  and  vasopressor  support.  IN- 
TERVENTIONS: After  diagnosis  of  ARDS.  NO 
was  administered  at  18  or  36  ppm.  Patients  demon- 
strating a  NO-induced  rise  of  arterial  oxygen  ten- 
sion of  20%  or  more  and/or  a  fall  in  mean  pul- 
monary artery  pressure  of  15%  or  more  were 
grouped  as  NO  responders;  others  were  grouped 
as  nonresponders.  MEASUREMENTS  &  RE- 
SULTS: Ten  patienls  (40% )  were  NO  responders. 
while  15  patients  (60%  )  were  nona-spondeiN.  Mor- 
tality was  40%  in  NO  respondcp.  and  67%  in  non- 
responders (NS).  NO  responders  developed  a  sig- 
nificantly lower  mean  pulmonary  artery  pressure 
(28  ±  6  vs  33  ±  6  mm  Hg;  p  <  0.05).  lower  pul- 
monary vascular  resistance  (PVR;  258  ±  73  vs 
377  ±  163  dyne  ■  s  •  cm'^  ■  m"-;  p  <  0.05),  and 
higher  P;,o:/Fio:  ratio  ( 1 92  ±  85  vs  144  ±  74  mm 
Hg;  p  <  0.05)  within  the  study  period.  In  re- 
sponders. NO-induced  aflerload  reduction  resulted 
in  increased  right  ventricular  ejection  fraction 
( RVEF:  40 ±  7  vs  35  ±  9%;  p  <  0.05 ).  significanlly 
higher  cardiac  index  (CI:  4.5  ±1.1  vs  4.0  ±  1 .2 
L  •  min" '  ■  m -;  p  <  0.05)  and  oxygen  delivery 
(Do::68l  +  141  vs599±  160  mL  min'-  m-=: 
p  <  0.05)  compared  with  nonresponders.  In  NO 
nonresponders.  RVEF  was  correlated  wilh  PVR, 
CI.  Do;.  mixed  venous  oxygen  saturation  (SfoO, 
and  oxygen  extraction  ratio  ( 0:ER )  (r  =  ±0.60  to 
±0.69;  p  <  0.05).  No  significant  correlation  be- 
tween RVEF  and  any  of  these  parameters  w  as  ob- 
.served  in  responders.  S^o:  (75  ±  7  vs  69  ±  8%: 
p  <  0.05 )  and  0:ER  (0.24  ±  0.06  vs  0.27  ±  0.06; 
p  <  0.05)  were  significantly  different  between  re- 
sponders and  nonresponders.  while  no  difference 
in  oxygen  consumption  was  observed  (161  ±41 
vs  153±43mL  min  m  -).  CONCLUSIONS: 
Inhaled  NO  is  effective  in  only  a  subgroup  of  sep- 
tic .ARDS  patients,  wilh  a  higher,  but  non- 
significantlv  different  percenlage  of  survivors  in 
the  responder  group.  NO  responders  were  char- 
acterized by  increased  RVEF  accompanied  by 
higher  CI.  Do;,  and  lower  OiER.  In  nonrespon- 
ders. RVEF  remained  depressed,  with  a  clo.se  cor- 
relation between  RVEF  and  CO  as  well  as  Do: 
and  0:ER.  Thus,  nonresponders  seem  to  suffer 
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from  impaired  cardiac  reserves  and  corre- 
spondingly lower  oxygen  transport  variables. 

Reduction  Pneunioplasty  for  Giant  Bullous 
Emphysema:  Implications  for  Surgical  Treat- 
ment of  Nonbullous  Emphysema — GL  Snider 
Chest  lW6;l(Wi:):?4(). 

A  review  of  the  literature  on  reduction  pneu- 
nioplasty for  giant  bullous  emphysema  was  un- 
dertaken to  identify  current  criteria  for  this  sur- 
gical treatment  and  in  the  hope  of  obtaining 
insights  into  evaluating  reduction  pneumoplas- 
ty  for  nonbullous  emphysema.  Twenty-tw  o  ret- 
rospective case  series,  published  since  1950.  were 
retrieved  by  a  computer  search  of  the  literature 
and  a  search  of  the  Index  Medicus  prior  to  1966. 
Reduction  pneunioplasty  is  most  effective  when 
bullae  are  larger  than  one  third  of  a  hemithorax 
with  evidence  of  compression  of  adjacent  lung  tis- 
sue and  an  FEVi  of  less  than  50%  predicted;  the 
presence  of  emphysema  in  nonbullous  lung  and 
the  amount  of  compression  are  best  judged  by  CV. 
The  rationale  for  reduction  pneumoplasty  for  non- 
bullous emphysema  is  supported  by  the  similar 
early  functional  changes  after  reduction  pneu- 
nioplasty for  bullous  and  nonbullous — im- 
provement of  blood  gas  values  and  lung  me- 
chanics. A  single  study  showing  that  decline  of 
lung  function  after  surgcn,  for  bullous  emphy  sema 


was  less  in  those  who  stopped  smoking  than  in 
those  who  continued  to  smoke  supports  the  need 
for  preoperati\e  and  maintained  smoking  cessation 
in  patieiiLs  receiving  reduction  pneunioplasty.  After 
4  decades,  the  duration  of  improvement  in  lung 
function,  whether  worsening  of  emphysema  oc- 
curs in  remaining  lung,  and  late  morbidity  and 
mortality  after  reduction  pneumoplasty  for  bul- 
lous eniphy  senia  are  not  well  defined.  A  registry 
w  ith  an  unoperated-on  comparison  group  could 
more  rapidly  accumulate  such  data  after  reduc- 
tion pneumoplasty  tor  nonbullous  emphysema. 

I'ncerlain  \  alue  of  Electronic  Fetal  Monilorin;; 
in  Predicting  Cerebral  Palsy — KB  Nelson.  JM 
Datiibrosia.  TY  Ting.  JK  Grether.  N  Engl  J  Med 

li5%;334(IO):6l3. 

BACKGROUND:  Electronic  monitoring  of  the 
fetal  heart  rate  is  commonly  performed,  in  part 
to  detect  hypoxia  during  delivery  that  may  result 
HI  brain  injury.  It  is  not  known  whether  specif- 
ic abnormalities  on  electronic  fetal  monitoring  ;u"e 
related  to  the  risk  of  cerebral  palsy.  METHODS: 
.Among  155,636  children  bom  from  1983  through 
1985  in  4  California  counties,  we  identified  sin- 
gleton infants  with  birthweights  of  at  least  2.5(K)  g 
who  survived  to  3  years  of  age  and  had  moder- 
ate or  severe  cerebral  palsy.  Tlie  children  with  cere'- 
bral  palsy  were  compared  w  ith  randomly  selected 


control  children  with  respect  to  characteristics 
noted  in  the  birth  records.  RESULTS:  Seventy- 
eight  of  95  children  w  ith  cerebral  palsy  and  300 
of  378  controls  underwent  intrapartum  fetal  mon- 
itoring. Characteristics  found  to  be  associated  with 
an  increased  risk  of  cerebral  palsy  were  multiple 
late  decelerations  in  the  heart  rate,  commonly  de- 
fined as  slowing  of  the  heart  rate  well  after  the 
onset  of  uterine  contractions  (odds  ratio.  3.9;  95% 
confidence  interv  al.  1 .7  to  9.3 ).  and  decre\i.sed  beat- 
to-beat  \;iriability  of  the  heart  rate  (odds  ratio.  2.7; 
95%  confidence  interval.  1.1  to  5.8);  there  was 
no  association  between  the  highest  or  lowest  fetal 
heart  rate  recorded  for  each  child  and  the  risk  of 
cerebral  palsy.  Even  after  adjustment  for  other  risk 
factors,  the  association  of  abnormalities  in  fetal 
monitoring  with  an  increased  risk  of  cerebral  palsy 
persisted  (adjusted  odds  ratio.  2.7;  95%  confidence 
interval.  1.4  to  5.4).  The  21  children  with  cere- 
bral palsy  who  had  multiple  late  decelerations  or 
decreased  variability  in  heart  rate  on  fetal  mon- 
itoring represented  only  0.19%^  of  singleton  in- 
fants with  birthweights  of  2,500  g  or  more  who 
had  these  fetal  monitoring  findings,  for  a  false 
positive  rate  of  99.8%.  CONCLUSIONS:  Spe- 
cific abnormal  findings  on  electronic  monitoring 
of  the  fetal  he;u1  rate  were  associated  with  an  in- 
creased risk  of  cerebral  palsy.  However,  the  false 
positive  rate  was  extremely  high.  Since  cesare- 
an section  is  ofien  performed  when  such  abnor- 
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malilies  are  noted  and  is  associated  with  risk  to 
the  nwlher.  our  findings  arouse  concern  that,  if 
these  indications  were  widely  used,  many  cesarean 
sections  would  be  performed  without  benefit  and 
with  the  potential  for  harm.  See  the  related  edi- 
torial: Cerebral  Palsy  and  Intrapartum  Fetal 
MoniKiring.  I)  MtuDimald.  N  Eiii^l  J  Med  IW6: 
334(]0j:659-660. 

Pulmonan  Heni(>d>  nanilcs  in  Ihc  Obstructive 
Sleep  Apnea  Syndrome:  Results  in  220  t'on- 
secuti>e  Patients — A  Chaouat.  E  Weitzenhlum. 
J  Krieger.  M  Oswald.  R  Kessler.  Chest  19%;  109 
(2):380. 

We  have  investigated  pulmonary  hemodynam- 
ics in  a  large  series  of  consecutive,  unselected  pa- 
tients with  obstructive  sleep  apnea  syndrome 
(OSAS).  The  aims  of  this  study  were  to  evaluate 
the  frequency  of  pulmonary  artery  hypertension 
(PH)  in  OSAS  and  to  analyze,  as  far  as  possible, 
its  mechanisms.  Two  hundred  twenty  patients  were 
included  on  the  basis  of  a  polysomnographic  di- 
agnosis of  OSAS  (apnea  +  hypopnea  index  >  20). 
PH.  defined  by  a  resting  mean  pulmonary  artery 
mean  pressure  (PAP)  of  at  least  20  mm  Hg.  was 
obser\  cd  in  .^7  of  220  patients  ( 1 7' f ).  Patients  with 
PH  differed  from  the  others  with  regard  to  pul- 
moniiry  volumes  (vital  capacity  [VC|,  FEV| )  and 
the  FEV|/VC  ratio  that  were  significantly  lower 
(p  <  0.001 );  Pao;  (64.4  ±  9.3  vs  74.7  ±  10. 1  mm 
Hg;  p  <  0.001 ),  Paco;  (43.8  ±  5.4  vs  37.6  ±  3.9 
mm  Hg;  p  <  0.(X)1).  apnea  -i-  hypopnea  index  ( 1(X) 
±  33  vs  74  ±  32;  p  <  0.001 ).  and  mean  nocturnal 
arterial  oxygen  saturation  (Sj,,,)  (88  ±  (iVc  vs  94 
±  2%;  p  <  0.(X)l ).  Patients  with  PH  were  also  more 
overweight  (p  <  0W\ ).  Multiple  regression  anal- 
ysis showed  that  5(KJ  of  the  variance  of  P.AP  could 
be  predicted  by  an  equation  including  PaCO;  (ac- 
counting for  32*^  of  the  variance).  FEVi  (12%), 
airway  resistance  (.49c).  and  mean  nocturnal  Sao; 
{29r ).  In  conclusion,  PH  is  observed,  in  agreement 
with  previous  studies,  in  less  than  20'7r  of  OSAS 
patients.  PH  is  strongly  linked  to  the  presence  ol 
an  obstniclive  (rather  than  restrictive)  ventilatory 
pattern,  hypoxemia,  and  h>  percapniu.  and  is  gen- 
erally accounted  for  by  an  associated  obslmctive 
airways  disease.  In  this  regard,  the  severity  of 
OSAS  plays  only  a  minor  role.  See  the  related  ed- 
itorial: Sleep  Apnea  and  Pulmonary  Hyper- 
tension-DS  Park.  Chest  1996: 109(2): JlX)-JOL 

Ad>ance  DirectiNe  F.ducation  during  Pulnio- 
nar)  Rehahililatiiin  .11:  Hcffnci.  li  lain.  C  Bar 
bieri.  Chest  1996;l()9(2);373. 

We  conducted  a  questionnaire  survey  of  346  pul- 
monary rehabilitation  programs  to  determine  the 
pnssent  utilization  and  potential  value  of  these  sites 
for  promoting  advance  directive  education  for  pa- 
tients with  chronic  lung  diseases.  Responses  were 
analyzed  for  all  responding  programs  and  for  pro- 
grams categorized  by  size.  Eighly-twci  percent  of 
the  21 S  responding  programs  discussed  with  pa- 


tients prognostic  information.  Only  33%  of  pnv 
grams  asked  patients  if  they  had  advance  direc- 
tives and  17%  kept  these  d(x;uments  on  file.  Thir- 
ty-three percent  of  programs  provided  some  form 
of  advance  directive  education,  and  42%  dis- 
tributed directive  educational  material,  usually 
through  informal  and  unstructured  methods.  Sev- 
enty-seven percent  of  responders  considered  pul- 
inonary  rehabilitation  an  appropriate  site  for  di- 
rective education,  and  86%  indicated  w  illingness 
to  incorporate  directive  education  into  their  pro- 
grams. Larger  programs  were  more  likely  to  pre- 
sent information  about  patient  prognosis  (p  = 
0.0003 )  and  advance  directives  (p  =  0.02 1 ).  We 
conclude  that  most  of  the  responding  pulmonary 
rehabilitation  programs  do  not  educate  patients 
about  advance  directives  but  are  willing  to  do  so 
if  supplied  with  appropriate  teaching  materials. 
Rehabilitation  programs  may  be  \aluable  sites  for 
educating  patients  with  chronic  disorders  about 
advance  directives  and  promoting  an  improved 
patient-physician  dialogue  about  these  issues.  See 
the  related  editorial:  Are  Advance  Directives  Be- 
coming an  Endangered  Species?— HS  Perkins. 
Chest  1996:109121:299. 

Nosocomial  Pneumonia  and  Mortality  among 
Patients  in  Intensive  Care  I'nits — JY  Fagon,  J 
Chaslre.  A  Vuagnat.  Jl.  Trouillet.  A  Novara,  C 
Gibert.  JAMA  I996;27.';(  1 1  ):866. 

OBJECTIVE;  To  evaluate  the  role  that  nosoco- 
mial pneumonia  plays  in  the  outcome  of  inten- 
sive care  unit  (ICU)  patients.  DESIGN:  Cohort 
study.  SETTING:  Medical  ICU.  Hopital  Bichat, 
Paris,  France,  an  academic  tertiary  care  center. 
PATIENTS:  A  total  of  1 .978  consecutive  patients 
admitted  to  the  ICU  for  at  least  48  hours.  M.-MN 
OUTCOME  MEASURES:  Various  pLu^ameters 
known  to  be  sffongly  associated  with  death  of  ICU 
patients  were  recorded;  age,  location  before  ad- 
mission to  the  ICU.  diagnostic  categories.  Acute 
Physiology  and  Chronic  Health  Evaluation 
1  APACHEl  II  score.  Simplified  Acute  Physiol- 
ogy Score,  McCabe  score,  number  ;ind  type  of  dys- 
functional organs,  and  the  development  of  noso- 
comial bacteremia  and  nosocomial  urinary  tract 
infection.  These  \  ariablcs  and  the  presence  or  ab- 
sence of  nosocomial  pneumonia  were  compared 
between  survivors  and  nonsurvivors  and  entered 
into  a  stepwise  logistic  regression  model  to  eval- 
uate their  independent  prognostic  roles.  RE- 
SULTS: Nosix'omi;iI  pneumonia  developed  in  328 
patients  (16.6% )  whose  mortalily  rale  was  52.4% 
compared  with  22.4'?  for  patients  without  ICU- 
acquired  pneumonia  (p  <  0.001 ).  AP.ACHE  11 
score  (odds  ratio  |OR|  =  1.08;  95%  confidence 
interval  |CI|.  1.06  to  1.1  0;  p  <  0.001),  number 
of  dysfunctional  organs  (OR  =  1.54;  95%  CI,  1.36 
to  1 .74;  p  <  0.001 ),  nosocomial  pneumonia  (OR 
=  2.08;  95%  CI,  1.55  to  2.80;  p  <  0.001).  noso- 
comial bacteremia  (OR  =  2.5 1 ;  95%  CI.  1 .78  to 
3.55;  p  <  0.001 ).  ultimately  or  rapidly  fatal  un- 
derlvins!  disea.se  (OR  =  1 .76;  95%  CI.  1 .38  to  2.25; 


p  <  0.00 1 ).  and  admission  from  another  ICU  (OR 
=  1.30;  95%  CI.  1.01  lo  1.68;  p  =  0.04)  were  sig- 
nificantly associated  with  mortality.  CONCLU- 
SION: These  data  suggest  that,  in  addition  to  the 
severity  of  underlying  medical  conditions  and 
nosocomial  bacteremia,  nosocomial  pneumonia 
independently  contributes  to  ICU  patient  mortality. 

Effect  of  Frequency  of  Prenatal  Care  Visits  on 
Perinatal  Outcome  amcmg  I.ow-Risit  Women: 
\  Randomi/Ml  Controlled  Trial — RS  McDuffic 
Jr.  A  Beck.  K  Bischolf.  J  Cross.  M  Orlc;ms.  JAMA 
1996:275(1 1):847. 

OBJECTIVES:  In  1989.  the  Expert  Panel  on  the 
Content  of  Prenatal  Care  established  guidelines 
on  the  timing  and  content  of  prenatal  care,  in- 
cluding a  schedule  consisting  of  fewer  prenatal 
visits  than  traditionally  provided,  for  women  at 
low  risk  of  adverse  perinatal  outcomes.  We  test- 
ed the  hypothesis  that  there  are  no  significant  in- 
creases in  adverse  perinatal  outcomes  when  low- 
risk  women  are  seen  in  a  prenatal  care  visit 
schedule  of  fewer  visits  than  routinely  advised. 
DESIGN:  Randomized  conUxMled  trial.  SETTING; 
Group-model  health  maintenance  organization. 
PATIENTS:  A  total  of  2.764  pregnant  women, 
judged  to  be  at  low  risk  of  adverse  perinatal  out- 
comes. INTERVENTIONS:  Follouing  risk  as- 
sessment, participants  were  r;mdomly  assigned  to 
an  experimental  schedule  (9  visits)  or  a  control 
schedule  (14  visits)  with  additional  visits  as  in- 
dicated or  as  desired  by  the  patient.  MAIN  OUT- 
COME MEASURES:  Preterm  delivery,  pre- 
eclainpsia  cesarean  delivery,  low  birthweight,  and 
patients'  satisfaction  witli  care.  RESULTS:  On  av- 
erage, there  were  2.7  fewer  \isits  observed  in  the 
experimental  gniup  lh;in  in  the  control  group.  There 
were  no  significant  increases  in  the  main  outcomes 
of  the  experimental  group:  preterm  delivery  (rel- 
ative risk  [RR|.  1.08;  95%  confidence  intenal  |C1|. 
0.92  to  1 .27;  p  =  0. 1 9),  pre-eclampsia  ( RR.  0.94; 
95%  CI.  0.78  to  1 .  14;  p  =  0.74),  cesarean  deliv- 
ery (RR,  1.04;  95%  CI.  0.93  to  1.17;  p  =  0.25), 
and  low  birthweight  (RR,  0.94;  95%  CI,  0.78  to 
1 . 1 2;  p  =  0.76).  There  were  no  differences  between 
the  2  groups  in  patients'  satisfaction  with  quali- 
ty of  prenatal  care-.  CONCLUSION:  In  this  study, 
good  perinatal  outcomes  and  patient  satisfaction 
were  maintained  when  the  prenatal  visil  sched- 
ule proposed  by  the  Expert  Panel  on  the  Content 
of  Prenatal  Care  was  observed. 

Low  Flow  Oxygen  Delivery  via  Na.sal  Cannula 
to  Neonates— NN  Finer.  R  Bates.  PTomat.  Pc- 
diatrPulmonol  1996:21:48. 

Neonates  with  chronic  lung  disease  often  require 
oxygen  in  the  neonatal  intensive  care  unit.  The 
purpose  of  this  study  was  to  determine  ( 1 )  the  ac- 
tual inspired  oxygen  concentration  (Fio;)  deliv- 
ered to  neonates  when  using  a  low-flow  flowme- 
ter and  a  nasal  cannula,  and  (2)  the  accuracy  with 
which  Fio-  could  be  estimated  using  a  fonmila  that 
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New 

Press-and- 
Release 
Action 

Simplified  design,  with 
fewer  moving  parts, 
mal<es  canister 
actuation  easier, 
minimizes 
need  for 
coordination. 


1 


In  MDI  Drug  Delivery... 

The  choice  Just  got  easien 


Better  delivery, 

OptiHaler*  is  designed  to  give  your  patients  the  full 
benefit  of  their  MDI  medication.  Its  patented  aerodynamic 
action*  creates  a  measurably  superior  aerosol  mixture  — 
richer  in  the  smaller,  more  effective  particles.'  And  it  makes 
more  of  that  mixture  available  for  delivery  to  the  lungs  than 
conventional  holding  chambers.' 

Better  design. 

OptiHaler's  new  simplified  design  makes  MDI  therapy 
easier  than  ever.  Patients  simply  press  and  release  the 
canister  v^hile  inhaling  —  then  close  the  end  cap  for  the 
next  puff.  Cleaning  and  maintenance  are  easier  too. 

Better  compliance. 

And  because  more  convenience 

usually  means  better  compliance, 

OptiHaler  packs  all  of  these 

advantages  into  a  sleek,  discreet, 

truly  portable  unit  that  patients  rate 

significantly  more  convenient  for 

daily  use  than  the  leading  holding  chambers 


So  why  not  make  MDI  therapy  easier  for  your 
patients... with  the  product  more  patients  prefer^  Call 
our  24-hour  customer  service  hotline  today  for  your  free 
professional  sample  of  new,  improved  OptiHaler. 


1-800-962-1266 


NEW  IMPROVED 


^ 


New,  more  convenient, 
one-piece  cap. 


Drug  Delivery  System  for  use  with  Metered  Dose  Inhalers 

The  promise  of  MDI  therapy... delivered. 

From  the  makers  of  ASSESS*  and  Personal  Best®  Peak  Row  MPters 

HealthScan  Products  Inc.,  Cedar  Grove,  NJ 

REFERENCES   1  Data  on  file  HealthScan  Products  Inc   2  Wheeler  BB,  Boilers  ND  initial  experi- 
ence with  a  nouel  spacer  device  (Presented  at  the  1993  meeting  ol  the  American  Academy  of 
Allergy  and  Immunology)    •  U  S  Patent  No  5.040,527    OA760004-0    ©  1994,  HraiinScan  Products  irx: 
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wf  developed.  We  studied  2  groups  of  infants:  18 
infants  less  dian  1.500gandl3infants  greater  than 
1 .500  g.  We  measured  pharyngeal  oxygen  levels 
by  sampling  pharyngeal  gas  in  infants  receiving 
1(X)'?  humidified  oxygen  by  nasal  cannula  from 
a  low  range  flow  flowmeter.  Tlie  oxygen  flow  was 
increased  by  25  mL/min  increments  from  25  to 
200  mL/min.  The  measured  Fio:  was  compared 
with  the  calculated  F|o,  using  the  formula: 

F|0:  measured  =  oxygen  How  (mL/min  x  0.79) 
+  (0.21  X  Vr.x  100/Ve 

where  minulc  ventilation  iVt)  equals  the  minute 
ventilation  in  mL/min  (Vt  =  Vt  x  respiratory  rate). 
For  both  groups  of  infants,  increments  of  25 
mL/min  of  flow  produced  distinctive  changes  in 
F|o;  at  all  levels  (p  <  0.001 ).  The  calculated  F|,i, 
did  not  significantly  differ  from  the  actual  F|<); 
at  any  flow.  The  calculated  F|0:  was  most  pre- 
dictive when  using  an  assumed  tidal  volume  of 
5.5  mL/kg.  We  conclude  that  an  accurate  flowme- 
ter connected  to  iiXf/i  humidified  oxygen  can  pro- 
duce a  wide  range  of  predictable  F|o:S  for  neonates, 
especially  those  with  birthwcights  of  less  than 
1 .500  g.  The  proposed  formula  allows  useful  es- 
timation of  the  infant's  Fio;  when  we  assume  a 
lidal  volume  of  5.5  niL/kg. 

(aiiclt'lines  for  the  Ise  of  Nebuli/crs  In  the 
Home  and  at  Domiciliary  Sites:  Report  of  a 
I'onsensiis  Conference — WJ  O  fXmohue.  Jr.  the 
National  Association  for  Medical  Direction  of 
RespiraUiry  Care  (NAMDRC)  Consensus  Group. 
Chcsi  IW(i:109:8l4. 

( liiidelines  for  the  use  of  iicbuli/eis  outside  of  the 
hospital  were  devclo|x;d  at  the  request  of  the  Health 
Care  Financing  Administration  (HCFA)  to  assist 
in  the  preparation  of  Medicare  criteria  for  reim- 
bursement. The  National  Association  for  Med- 
ical Direction  of  Respiratory  Care  (NAMDRCl 
convened  a  consensus  conference  in  la."esburg  V  A. 
with  |)hysiciaji  representatives  from  the  major  med- 
ical organizations  involved  in  adult  and  pediatric 
respiratory  care.  Members  of  the  health-care  in- 
dustry also  were  invited  to  participate,  .'\ller  re- 
view of  the  pertinent  references,  members  of  the 
faculty  were  preassigned  topics  for  presentations 
during  the  first  day  of  the  meeting.  Three  work- 
shops were  organized  to  address  segments  ol  the 
consensus  statement  and  to  develop  written  re- 
nins. Ii;ich  report  was  reviewed  by  the  entire  group 
.ind  then  finalized.  The  Consensus  Conference  rec- 
ommends thai  a  metered-dose  inhaler  (MDI I  with 
reservoir  chamber  is  the  pre-feired  ukkIc  ol'  aerosol 
therapy  for  patients  outside  of  the  hospital.  The 
circumstances  under  which  a  small-volume  neb- 
ulizer (SVN)  may  be  appropriate  are  described. 
The  medications  that  may  be  administered  by  S'VN 
are"  identified  with  recommendations  as  to  the  usual 
doses  to  be  prescribed.  A  cost  analysis  of  the  v;u-- 
ious  mcxles  of  aerosol  therapy  is  presented.  These 
guidelines  should  be  of  value  to  physicians  who 


are  prescribing  aerosol  therapy  in  the  home  and 
also  to  policy  makers  who  are  developing  guide- 
lines for  reimbursement. 

.\  Placebo-Controlled  Trial  of  Prostacyclin  in 
.\cute  Respiratory  Failure  in  COPD — SL 

Archer.  D  Mike.  J  Crow.  W  Long.  EK  Weir.  Chest 
I9y6:l09(3):750. 

Although  patients  with  COPD  often  have  elevated 
pulmon;ir\  artery  pressures  (PAP)  and  pulmonary 
vascuUir  resistance  (PVR),  it  is  uncertain  whether 
treatment  of  this  pulmonary  hypertension  is  ben- 
eficial. We  evaluated  the  extent  of  pulmonary  hy- 
pertension in  16  patients  with  severe  COPD  com- 
plicated by  acute  respiratory  failure  and  pulmonary 
hvpertension.  We  assessed  the  hypothesis  that  the 
vasixiilator  prostacyclin  (PGL)  would  reduce  P'VR 
and  improve  systemic  O:  transport.  Patients  with 
a  COPD  exacerbation  requiring  mechanical  ven- 
tilation, and  mean  PAP  greater  than  30  mm  Hg. 
were  randomized  to  receive  PCI:  or  placebo,  in 
addition  to  conventional  therapy.  Randomization 
to  PGL  or  placebo  therapy  occurred  1  to  1 2  hours 
after  intubation,  while  the  patient  was  mechan- 
ically ventilated.  An  optiinal  PGL  dose  (2  to  12 
ng/kg/min.  I.V.)  was  established  in  an  initial  dose- 
ranging  study  and  then  this  dose  vs  as  intused  con- 
tinuously for4S  hours.  PGL  initially  re'duced  P'VR. 
but  this  cfi'ect  dissipated  within  24  houi>..  indicating 
the  development  of  tachyphylaxis.  Tolerance  to 
the  adverse  effects  of  PGh  (tachycardia,  hy- 
potension, fiushing,  and  headache)  also  developed 
over  time.  PGl;  treatment  was  associated  with  a 
significant  fall  in  P^,  but  no  increase  in  systemic 
oxygen  tfansport.  PGL  proved  to  be  a  nonselective 
vasodilator  that  caused  mild  hypoxemia.  Despite 
acute  respiratory  failure,  pulmonai-y  h\  pertension 
IS  mild  in  patients  with  severe  COPD  receiving 
mechanical  ventilation,  and  I.V.  PGI2  is  not  ben- 
eficial in  such  patients. 

Survey  of  .Asthma  Practice  among  Emergen- 
cy Physicians — CL  Eimerman.  RK  Cydulka,  F, 
Skobeloff.  Chest  1996;I09(3):7()8. 

PURPOSE:  The  National  Asthma  Education  and 
Prevention  Program  (NAEPP)  published  guide- 
lines fiir  asthma  inanagement  in  1 99 1 .  The  pur- 
pose of  this  study  is  to  assess  the  concordance  bc- 
tween  emergency  physicians'  practice  and  the 
guidelines.  DESIGN:  Survey  mailed  to  emergency 
physicians.  Nonrespondents  were  mailed  a  sec- 
ond copy  of  the  survey .  PARTICIPANTS:  Eight 
hundred  randomly  selected  active  members  of  the 
.■\mencan  (^'ollege  of  Emergency  Physicians.  IN- 
TERVENTIONS: None.  MEASl'REMENTS: 
Participants  were  asked  questions  re-garding  miin- 
ing.  current  asthma  practices,  and  sources  of  in- 
formation on  asthma  management.  RESULTS: 
Eight  hundred  questionnaires  were  mailed,  of 
which  416  {52'^J)  were  returned.  Sixty-four  per- 
cent of  respondents  administer  ^agonists  con- 
sistent w  ith  the  N.AEPP  guidelines.  .Seventy-five 


percent  of  respondents  administer  corticosteroids 
in  similar  accord,  while  75'^*  prescribed  outpa- 
tient corticosteroids  in  concordance  with  those  rec- 
ommendations. Forty-seven  percent  report  mea- 
suring pretreatment  pulmonary  function  more  than 
half  the  time  and  only  38  Vf  report  checking  pul- 
monary function  prior  to  disposition  more  than 
half  the  time.  CONCLUSIONS:  Most  emergency 
physicians  surveyed  use  /^-agonists  and  steroids 
at  least  as  often  as  recommended.  A  minority  of 
emergency  physicians  reported  utilizing  pulmon;iry 
function  testing  in  the  manner  recommended  by 
the  NAEPP.  See  the  reliileil  nliloriiil:  Ciuideliiies 
in  Need  of  Guidance.  A  Sunvur.  RD  Bramhlel- 
ler.  Chest  1996:  W9i3 1:594-595. 

The  Association  between  Parental  Smoking  and 
the  Diet  Qualil)  of  Low -Income  Children  -RK 

Johnson.  .MQ  Wang,  MJ  Smith.  G  Connolly.  Pe- 
diatrics 1996:97(31:312. 

OBJECTIVE:  To  assess  the  association  between 
parental  smoking  and  the  diet  quality  of  children 
residing  in  low  -income  households  in  the  Unit- 
ed States.  METHODS:  Data  from  515  low-income 
children  (<  185":'!  of  the  poverty  line),  ages  2  to 
17,  who  participated  in  the  1989  and  1 990  Unit- 
ed States  Department  of  Agriculture  Continuing 
Survey  of  Food  Intakes  of  Individuals  were  ex- 
amined. Diet  quality  was  assessed  by  exainining 
the  average  daily  amount  of  nutrients  consumed 
per  1  ,(XX)  kcal  for  protein,  fiber,  and  1 4  essential 
vitamins  and  minerals  as  well  as  total  energy,  per- 
cent of  energy  from  total  fat  and  saturated  fat.  and 
cholesterol  and  sodium  intakes  using  the  3-day 
average  of  one  24-hour  recall  and  2  days  of  diet 
records.  Parental  smoking  was  categorized  as  4 
levels  (nonsmoker;  I  to  10.  II  to  20.  and  more 
than  20)  on  the  basis  of  the  average  number  of 
cigarettes  smoked  per  day  by  the  sample  child's 
parents.  Analysis  of  covariance  examined  dif- 
ferences in  the  children's  nutrient  intake  among 
the  4  smoking  categories  while  controlling  for 
race,  mother's  age  and  occupation,  child  age.  and 
sex.  RESULTS:  Low-income  children  with  par- 
ents w  ho  smoked  (n  =  235 )  were  more  likely  to 
be  w  hite  (p  <  0.001 ).  had  younger  mothers  (p  < 
0.05).  and  were  more  likely  to  have  mothers  em- 
ployed in  blue-collar  (K-cupations  (p  <  0.001 )  than 
children  whose  parents  were  nonsmokers  (n  = 
280).  Children  whose  parents  smoked  1 1  or  more 
cigarettes  per  day  had  lower  vitamin  A  intakes 
and  higher  total  energy  and  sodium  intakes  than 
children  whose  parents  smoked  10  or  fewer 
cigarettes/day.  Children  whose  parents  smoked 
more  than  20  cigarettes/day  had  a  higher  per- 
centage of  energy  from  saturated  fat.  and  children 
whose  parents  smoked  1 1  10  20  cigarettes/day  had 
the  highest  cholesterol  intakes  in  comp;uison  with 
the  rest  of  the  sample.  Parental  smoking  was  also 
related  to  total  fiber  intake  per  1.000  kcal.  with 
children  of  smokers  having  lower  fiber  intakes 
than  children  of  nonsmokers.  CONCLUSIONS: 
On  average,  low  -income  children  of  smokers  had 
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Respiratory  Therapists 

Level  II,  Night-shift 

Sacred  Heart  Medical  Center,  a432-bed  PeaceHealth  Hospital 
located  in  Eugene,  Oregon,  h;is  excellent  opportunities 
available  for  Respirator)'  Therapists  to  work  four  12/hour 
shifts.  The  successful  candidates  will  be  graduates  of  a  2  year 
American  Accredited  School  of  Respiratoiy  Care  and  licensed 
Respirator)'  Care  Practitioners  in  the  state  of  Oregon.  NICU 
experience  and  1  year  of  respiratoiy  care  experience  is  also 
required. 

Eugene  offei-s  a  variety  of  cultural  events  and  the  excitement 
of  a  major  univei'sity  town,  You'll  also  enjoy  a  multitude  of 
recreational  activities,  such  as  hiking,  biking,  skiing, 
beachcombing  and  sightseeing  in  some  of  the  nation's  most 
breathtaking  sceneiy 

Relocation/interview  assistance  is  available.  Please  FAX  your 
resume  to  (54l)  686-3816,  orsend  to:  Sacred  Heart  Medical 
Center,  HR/RC,  PO.  Box  l-i79,  Eugene,  OR  97440.  We  are  an 
equal  opportunity  employer  committed  to  affinnative  action. 


Sacred  Heart 
Medical  Center 
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RC  Protocol 
Clearinghouse 


The  AARC  now  has  a  Respiratory  Care  Protocol  Clear- 
inghouse. RCPs  interested  in  developing  therapist-driven 
protocols  (TDPs)  for  their  deportments  can  turn  to  the 
information  available  through  the  clearinghouse  to  get  a 
head  start  on  the  process. 

The  clearinghouse  makes  available  more  than  100  TDPs 
submitted  to  the  AARC  by  members  from  across  the 
nation  who  hove  already  instituted  these  protocols  in 
their  hospitals. 

The  protocols  have  been  divided  into  seven  packets,  most 
of  which  contain  ten  or  more  sample  protocols.  Packets 
ore  available  from  the  AARC  at  *5  each  and  currently 
cover  the  following  subjects: 

•■     Patient  assessment 
•■     Oxygen  therapy 
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a  poorer  diet  quuiity  Ihan  low-income  children 
of  nonsmokers,  thus  increasing  ihcir  future  risk 
of  chronic  disease. 

Fundus  Pigmentation  in  Relinopath>  of  Pre- 
maturity— T  Monos.  SD  Rosen.  M  Karpius,  ^' 
Yassur.  Pediatrics  1996:97:343. 

OBJECTIVE:  A  prospective  study  design  was 
used  to  investigate  the  association  between  dif- 
ferent degrees  of  fundus  pigmentation  and  the  in- 
cidence of  retinopathy  of  prematurity  (ROP) 
among  \'ery  low  birlhwcight  infants  in  a  large 
neonatal  intensive  care  unit.  METHODS:  The 
study  group  consisted  of  161  infants,  weighing 
1 .5(X.)  g  or  less  at  hirth  and  included  all  infants  horn 
from  1988  to  1990  who  survived  at  least  10  weeks. 
Presence  or  lack  of  any  acute  stage  ROP  was  de- 
termined by  weekly  ophthalmologic  examination 
from  the  age  of  4  weeks.  The  degree  of  fundus 
pigmentation  was  recorded  for  each  infant  dur- 
ing the  first  examination.  RESf  ILTS:  Infants  with 
dark  fundus  pigmentation  were  found  to  be  at  half 
the  risk  of  de\  eloping  ROP  as  compared  w  ith  the 
infants  having  light/medium  fundus  pigmentation 
(relative  risk  =  0.5;  9i'7c  confidence  interval  =0.2 
-1.1)  When  controlling  for  birthweight,  gestational 
age,  length  of  oxygen  therapy,  and  ethnic  group 
in  multivariate  analysis,  dark  pigmentation  was 
an  independent  and  statistically  significant  pro- 
tective factor  (odds  ratio  =  0.09,  95"*  confidence 
interval  =  0.02  -  0.6).  None  of  the  infants  w  ith 
Stage  III  ROP  or  higher  had  dark  pigmentation. 
CONCLUSION:  We  s|x-culate  that  large  amounts 
of  melanin  in  the  retinal  pigment  epithelium  or 
choroid  may  protect  the  dark-pigmented  very  low- 
birthweight  infant  from  developing  ROP. 

Apparent  Life-Threatening  Events  in  Presumed 
Healtliy  Neonates  during  the  First  Three  Days 
of  IJfe— LJ  Grvkick,  AD  Williams.  Pediatrics 
1 996:97(3):  349. 

OBJECTIVE:  To  study  the  historical,  clinical,  anil 
pneumographic  correlates  of  apparent  life-threat- 
ening events  ( ALTEs)  in  a  term  newborn  nurs- 
ery population  during  the  first  3  days  of  life  in 
a  maternity  hospital.  METHODS:  Twenty  new- 
borns with  ALTEs  during  the  first  3  days  of  life 
were  studied.  Family,  antenatal,  and  intrapartum 
histories  were  reviewed.  Diagnostic  and  thera- 
peutic data  surrounding  the  ALTEs  were  docu- 
mented. Multichannel  recordings  peribmied  after 
the  ALTEs  occurred  were  analyzed.  Hospital  dis- 
charge dispositions  and  postdischarge  outcomes 
were  reviewed.  RESULTS:  Of  approximately 
15,000  deliveries  during  a  3-year  period,  20  in- 
fants had  ALTEs.  Apnea  was  the  most  common 
presenting  symptom,  and  cyanosis  usually  ac- 
companied the  event.  Tactile  stimulation  and  oxy- 
gen were  tlie  most  frec|ueiit  acute  treatments,  with 
airway  clearance,  intermittent  positive  pressure 
ventilation,  and  cardiac  massage  less  common. 
Forty  percent  of  the  events  had  potentially  iden- 


tifiable causes,  including  central  nervous  system 
abnormality,  airway  obstruction,  or  a  persistent 
fetal  cardiovascular  shunt.  Of  the  initial  multi- 
channel recordings,  1 1  had  desaturation  of  less 
than  85%,  10  had  apneic  pauses  of  greater  than 
1 5  seconds,  and  4  had  bradycardia  of  less  than 
SO  beats/min.  Eighteen  infants  were  discharged 
and  received  home  monitors:  4  received  medi- 
cation. ALTEs  recurred  in  4  infants  before  dis- 
charge and  in  1  after  discharge.  No  deaths  oc- 
cuned.  CONCLUSIONS:  ( I )  ALTEs  do  occur 
in  the  early  newborn  period  in  a  low-risk  term 
group;  (2)  causes  are  unknown  in  the  majority  of 
cases:  (3)  multichannel  recordings  may  have  ab- 
normalities; and  (4)  the  likelihood  of  recurrent 
ALTEs  is  greater  during  the  first  week  than  dur- 
ing the  next  2  months. 

Inhaled  Nitric  Oxide  for  High-Altitude  Pul- 
monary Edema — U  Scherrer,  L  Vollenweider, 
A  Delabays,  M  Savcic,  U  Eichenberger,  OR 
Kleger,  A  Fikrie,  PE  Ballmer.  P  Nicod,  P  Biirtsch. 
N  Engl  J  Med  I996;334(  10):624. 

BACKGROUND:  Pulmonary  hypertension  is  a 
hallmark  of  high-altitude  pulmonary  edema  and 
may  contribute  to  its  pathogenesis.  When  ad- 
ministered by  inhalation,  nitric  oxide,  an  en- 
dothelium-derived  relaxing  factor,  attenuates  the 
pulmonary  vasoconstriction  produced  by  short- 
temi  hypoxia.  METHODS.  We  studied  the  effects 
of  inhaled  nitric  oxide  on  pulmonary-artery  pres- 
sure and  arterial  oxygenation  in  18  mountaineers 
prone  to  high-altitude  pulmonary  edema  and  1 8 
mountaineers  resistant  to  this  condition  in  a  high- 
altitude  laboratory  (altitude,  4,559  m).  Wc  also 
obtained  lung-perfusion  scans  before  and  during 
nitric  oxide  inhalation  to  gain  further  insight  into 
the  mechanism  of  action  of  nitric  oxide.  RE- 
SULTS. In  the  high-altitude  laboratory,  subjects 
prone  to  high-altitude  pulmonary  edema  had  more 
pronounced  pulmonary  hypertension  and  hy- 
poxemia than  subjects  resistant  to  high-altitude 
pulmonary  edema.  Arterial  oxygen  saturation  was 
inversely  related  to  the  severity  of  pulmoniuy  hy- 
pertension (r  =  -  0.50,  p  =  0.002).  In  subjects  prone 
to  high-altitude  pulmonary  edema,  the  inhalation 
of  nitric  oxide  (40  ppm  for  15  min)  produced  a 
decrease  in  mean  ±  SD  systolic  pulmonary-artery 
pressure  that  was  3  times  larger  than  the  decrease 
in  subjects  resistant  to  such  edema  (25.9  ±  8.9  vs 
8.7  ±  4.8  mm  Hg,  p  <  0.(K)  1 ).  Inhaled  nitric  oxide 
improved  arterial  oxygenation  in  the  10  subjects 
who  had  radiographic  evidence  of  pulmonary 
edema  (arterial  oxygen  saturation  increased  from 
67  ±  10  to  73  ±  1 2%,  p  =  0.047),  whereas  it  wors- 
ened oxygenation  in  subjects  resistant  to  high-al- 
titude pulmonary  edema.  The  nitric  oxide-induced 
improvement  in  arterial  oxygenation  in  subjects 
with  high-altitude  pulmonary  edema  was  ac- 
companied by  a  shifi  in  blood  flow  in  the  lung 
away  from  edematous  segments  and  toward 
nonedematous  segments.  CONCLUSIONS.  The 
inhalation  of  nitric  oxide  improves  arterial  oxy- 


genation in  high-altitude  pulmonary  edema,  and 
this  beneficial  effect  may  be  related  to  its  favorable 
action  on  the  distribution  of  blood  fiow  in  the 
lungs.  A  defect  in  nitric  oxide  synthesis  may  con- 
tribute to  high-altitude  pulmonary  edema.  Sec  the 
rckneil  cdiliiriul:  High-Altitude  Pulmonary 
Edema.  EH  Jerome.  JW  Severmghaiis.  N  Engl  J 
Med  lW6:Jt4(  l()):662-663. 

Incidence  of  Anaerobes  in  Ventilator- Associ- 
ated Pneumonia  with  Use  of  a  Protected  Spec- 
imen Brush — P  Dore.  R  Robert.  Ci  Orollicr.  J 
Rouffineau,  H  Lanquetot,  JM  Chamere.  JL 
Fauchere.  Am  J  Respir  Crit  Care  Med  1996:153 
(4):1292. 

The  role  of  anaerobic  bacteria  in  ventilator-as- 
sociated pneumonia  (VAP)  has  been  little  in- 
vestigated. In  this  study  we  analyzed  the  incidence 
of  anaerobes  in  patients  with  a  first  episode  of  bac- 
teriologically  documented  VAP  (>  10'  CFU/mL), 
using  protected  specimen  brushes  (PSB).  We  par- 
ticularly took  care  to  preserve  anaerobic  condi- 
tions dunng  transport  and  the  microbiological  pro- 
cedure. Two  groups  were  considered:  group  A  with 
anaerobic  bacteria  recovered  from  PSB,  with  or 
without  aerobes,  and  group  B  with  aerobic  bac- 
teria only.  One  hundred  and  thirty  patients  were 
included,  30  (23%)  in  group  A,  and  100  (77%) 
in  group  B.  The  main  anaerobic  strains  isolated 
were  Prevolelki  meluninogenica  (36%),  Fu- 
sobaclerium  luielealum  ( 17%-),  and  Veillonella 
inm-ula  ( 12% ).  Univariate  analysis  demonstrat- 
ed that  patients  in  group  A  were  younger  than  those 
in  group  B  (p  <  0.05)  and  their  simplified  acute 
physiologic  score  was  higher  (p  <  0.02).  The  per- 
centage of  patients  receiving  antibiotics  tiefore  PSB 
did  not  differ  significantly  between  group  A  (57%) 
and  group  B  (35%).  VAP  with  anaerobes  occurred 
more  often  in  patients  orotracheally  intubated  than 
nasotracheally  intubated  (p  <  0.02).  Episodes  of 
VAP  involving  anaerobic  bacteria  (X-currcd  more 
often  in  the  first  5  days  (eariy  VAP)  than  after  the 
fifth  day  (late  VAP)  (p  <  0.05).  The  3-month  mor- 
tality rate  was  similar  in  the  2  groups,  but  death 
occurred  earlier  in  group  B  (p  <  0.01 ).  Multivari- 
ate analysis  demonstrated  that  presence  of  altered 
level  of  consciousness  (p  =  0.0002),  higher  sim- 
plified acute  physiologic  .score  (p  =  0.003),  and 
admission  to  the  medical  ICU  (p  =  0.02)  were  the 
factors  independently  predisposing  to  the  de- 
velopment of  VAP  with  anaerobes. 

The  Effect  of  Inspiratory  Maneuvers  on  Ex- 
piratory Flow  Rates  in  Health  and  Asthma:  In- 
fluence of  Lung  Elastic  Recoil — JS  Wanger,  DN 
Ikle,  RM  Cheniiack.  Am  J  Respir  Crit  Care  Med 
I996;I53(4):I302. 

We  studied  the  effect  of  breath  holding  and  in- 
spiratory speed  on  airflow  during  the  FVC  ma 
neuver  in  7  healthy  subjects  and  8  patients  will 
asthma.  The  purpose  of  the  study  was  to  dt  'er- 
mine w  hether  the  effects  of  inspiratory  speed  and 
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breath  holding  on  expiratory  flow  were  greater 
in  patients  with  asthma  than  in  healthy  individ- 
uals; whether  these  effects  were  lessened  by  in- 
halation of  acrosoli/cd  bronchodilator  in  the  pa- 
tients with  asthma;  and  whether  there  was  a 
relationship  between  the  lung  elastic  recoil  pres- 
sure and  the  expiratory  How  achieved  during  4 
dilTerent  maneuvers.  We  found  that  peak  expi- 
ratory flow  rale  (PEl-R)  was  significantly  lower 
after  both  a  slow  inspiration  and  a  breath  hold  than 
after  a  fast  inspiration  without  a  breath  hold.  In 
addition,  a  breath  hold  was  associated  with  a  sig- 
nificantly lower  FF.Vi .  The  effects  of  inspirato- 
ry speed  and  breath  holding  in  the  patients  with 
asthma  were  not  significantly  dilfeicnt  from  those 
observed  in  the  healthy  subjects.  There  was  a  sig- 
nificant relationship  between  lung  elastic  recoil 
pressure  at  the  point  of  onset  of  the  FVC  ma- 
neuvers (Pel  Blow)  and  expiratory  flow  in  both 
healthy  and  asthmatic  subjects.  Also,  the  decrease 
in  Pel  Blow  with  equivalent  breath-hold  time  was 
greater  in  asthmatic  subjects,  which  is  consistent 
with  an  increase  in  viscoelastic  elements  in  the 
lung.  These  findings  corroborate  previous  sug- 
gestions that  inspiratory  speed  and  the  duration 
of  breath  holding  have  significant  implications 
in  the  performance  of  spirometry  and  peak  How 
measurements,  and  indicate  the  importance  of  sian- 
diirdization  of  the  preceding  inspiration  when  de- 
termining FEV|  and  PEFR. 

.Standardi/alion  (if  Multiple  Spirometers  at 
Widely  Separated  I  iiiies  and  Places — W'S  I. inn, 
JC  Solomon,  H  Gong  Jr,  EL  Avol.  WC  Navidi, 
JM  Peters.  Am  J  Respir  Crit  Care  Med  1996; 
l.'i.^(4);l.W). 

We  designed  a  sy,stem  for  a  mLilliye;u'  longitudinal 
study  of  lung  function  in  1 2  w  idely  sep;irated  com- 
munities, intending  to  minimize  variation  in  in- 
strument-related data.  We  used  multiple  rolling- 
seal  spiromcler/pcrsonal  computer  systems. 
Ciilibrations  weiv  checked  before,  during,  ;uid  ;ifter 
each  day's  field  lesiing,  using  multiple  calibra- 
tion syringes  with  electronic  readouts.  The  syringes 
were  rotated  to  obtain  data  for  each  syringe- 
spirometer  combination.  Before  and  after  each  an- 
nual field  testing  season,  a  laboratory  reference 
spirometer  system  was  calibrated  against  a  water- 
ilisplacement  device  and  an  electronic  frequen- 
cy counter,  and  then  compared  against  each  field 
spirometer  and  syringe.  Field  equipment  con- 
sistently met  American  Thoracic  Society  (ATS) 
specifications.  Variance  among  spirometers  ex- 
ceeded variance  among  syringes,  A  spirometer 
occasionally  changed  its  volume  readout  by  =  1 
to  2%.  More  rarely,  a  syringe  changed  its  deliv- 
ered  volume  by  s  1  % ,  Syringes'  electronic  read- 
outs tracked  changes  in  delivei'ed  volume.  Syringe 
readouts  were  the  most  stable  component  of  the 
system,  and  were  more  reproducible  than  the  lab- 
oratory water-displacement  calibration.  We  con- 
clude that  variation  in  spirometers  may  limit  the 
reliability  of  epidemiologic  findings,  even  when 


these  spirometers  meet  ATS  specifications.  Fre- 
quent calibration  checks,  traceable  to  an  inde- 
pendent standard,  and  adjustment  of  individual 
lest  results  can  reduce  measurement  error. 

The  Effect  of  Sleep  Fragmentiition  on  Daytime 
Futiction — SE  Martin,  HM  Fugleman,  IJ  Deary, 
NJ  Douglas.  Am  J  Respir  Cm  Caa-  Med  1 996;  1 5} 
(4):  1328. 

Patients  with  the  sleep  apnea/hypopnea .syndrome 
suffer  from  impaired  daytime  function.  This  has 
been  attributed  to  both  sleep  fragmentation  and 
hypoxemia.  To  help  understand  which  is  causal 
we  studied  the  effects  of  sleep  fragmentation  alone 
on  daytime  function.  Sixteen  nonnal  subjects  were 
studied  on  2  pairs  of  2  nights.  The  first  night  of 
each  pair  was  for  acclimatization,  and  on  the  sec- 
ond tlie  subject  either  slept  undisairbed  or  had  sleep 
fragmented  with  sound  pulses  every  2  minutes. 
Sound  volume  and  duration  was  titrated  to  cause 
a  return  to  theta  or  alpha  rhythm  on  the  EEG  for 
at  least  .^  seconds.  Study  nights  were  followed  by 
daytime  testing  of  psychometric  function  and 
mood  and  by  a  multiple  sleep  latency  test  (MSLT) 
and  a  maintenance  of  wakefulness  test  (MWT). 
Total  sleep  time  did  not  differ  berween  study  nights 
(mean  ±  SD,  4(K)  ±  20  mm  undisturbed,  ."^96  ±  24 
min  fragmented;  p  =  0.6).  Fragmentation  decreased 
sleep  latency  on  both  the  MSLT  ( 1 1  ±  3,  7  ±  2  min; 
p  =  0.001)  and  the  MWT  (34  ±  8.  24  ±  10  min; 
p  <  0.001 ).  Energetic  arousal  (22  ±  4.  19  ±  4;  p 
=  O.OO.'i)  and  hedonic  tone  (29  ±  4.  27  ±  4;  p  = 
0.05)  decreased  alter  fragmentation.  Fragmentation 
impaired  daytime  function  adjudged  by  the  Trail- 
making  B  (p  =  0,05)  and  PASAT  4-second  tests 
I  p  <  0.03 ).  One  night  of  sleep  fragmentation  m;ikes 
normal  subjects  sleepier  during  the  day,  impairs 
their  subjective  assessment  of  mixxi,  and  decreases 
mental  fiexibility  and  sustained  attention. 

Safety  Aspects  of  Local  F.iidobronclual  .\Uergen 
Challenge  in  Asthmatic  Patients  N  Krug,  LM 
Teran,  .^E  Redingloii,  C  (lial/iou,  S  Montefort, 
R  Polosa,  H  Brewster,  PH  Howarth.  ST  Holgate, 
AJ  Frew.  MP  Carroll.  Am  J  Respir  Crit  Care  Med 
1 996;  153(4):  1.391. 

Local  entlohronchial  allergen  challenge  is  being 
increasingly  used  to  investigate  the  role  of  allergic 
infiammation  in  asthma.  However,  little  infor- 
mation is  available  about  the  safety  of  this  pro- 
cedure and  the  changes  induced  in  airway  phys- 
iology. BAL  and  biopsy  were  performed  at  10 
minutes  and  at  4  to  6  hours,  or  24  hours  after  seg- 
mental allergen  challenge  in  49  patients  with  atopic 
asthma.  Two  hours  after  challenge,  FEV]  was  re- 
duced from  97.6  ±  13.9  (mean  ±  SD)  to  83.4  ± 
2 1 .79f  predicted.  FEV )  remained  reduced  at  4  to 
6  hours  (87.7  ±  20.4'7r ),  but  it  had  nearly  returned 
to  baseline  by  24  hours  (93.2  ±  14.()V ).  When  en- 
dobronchial challenge  was  combined  with  BAL 
and  biopsy,  the  initial  fall  in  FEV|  was  slightly 
greater  (from  101.8  ±  14,2  to  78.5  ±  13,670- 


Bronchial  responsiveness  to  melhacholine  was 
measured  in  10  subjects,  and  it  showed  a  twofold 
increase  24  hours  after  liKal  challenge  and  la\  age. 
Significant  changes  in  FEV|  and  niethacholine 
PC211  were  still  detectable  72  houiN  after  challenge. 
Widespread  wheezing  txcuired  in  299(  of  tlie  sub- 
jects, but  none  of  them  had  to  be  admitted  to  hos- 
pital. We  conclude  that  local  endobronchial  al- 
lergen challenge,  although  producing  measurable 
changes  in  airway  physiology,  is  in  general  well 
tolerated  and  is  an  acceptable  method  to  inves- 
tigate airway  pathophysiologic  processes  in  pa- 
tients with  mild  to  moderate  asthma. 

■Aerosolized  Cyclosporine  in  Lung  Recipients 
with  Refractory  Chronic  Rejection — AT  lacono. 
RJ  Keen. in,  SK  Duncan,  GC  Smaldone,  JH 
Dauber,  IL  Paradis,  NP  Ohori.  WF  Grgurich.  GJ 
Burckart,  A  Zeevi,  E  Delgado,  TG  O'Riordan. 
MM  Zendarsky.  SA  Yousem.  BP  Griffith.  Am  J 
RespirCrit  Care  Med  I996;153(4):I451. 

This  study  evaluated  aerosolized  cyclosporine  as 
rescue  therapy  for  lung  transplant  recipients  w  ith 
unremitting  chronic  rejection.  Nine  patients  w  ith 
histologic  active  obliterative  bronchiolitis  and  pro- 
gressively worsening  airway  obstruction  refrac- 
tory to  conventional  immune  suppression  neceived 
aerosolized  cyclosporine.  Improvement  in  rejection 
histology  was  seen  in  7  of  9  patients.  We  compared 
the  changes  in  the  FVC  and  FEV|  over  time  using 
line;u'  regression  analysis  in  these  7  histologic  re- 
sponders  and  9  historical  control  patients.  Dur- 
ing the  pietreatment  period  for  both  the  experi- 
mental and  control  groups,  the  FVC  and  FEVi 
declined  at  comparable  rates.  After  aerosolized 
cyclosporine  there  was  stabilization  of  pulmonary 
function,  whereas  in  the  controls  there  was  con- 
tinued decline.  Cyclosporine  bUxxl  levels  were  less 
than  50  ng/niL  24  hours  alter  an  aerosolized  dose 
of  3(K)  mg  in  5  patients  receiving  oral  tacrolimus. 
Nephrotoxicity,  hepatoloxicity.  and  a  greater  than 
expected  rate  of  infection  were  not  observed,  'fhis 
study  suggests  that  aerosolized  cyclosporine  is  safe 
and  may  be  effective  therapy  for  refractory  chron- 
ic rejection  in  lung  transplant  recipients. 

Testing  for  I  Ionian  Immunodeficiency  Virus 
Infection  in  Patients  with  I  uhei'culosis — PF 

Barnes,  C  SiKa,  M  Otay  a.  .Am  .1  Respir  Crit  Care 
Med  1996;I53(4):I448. 

To  investigate  the  utility  of  testing  all  tuberculo-sis 
patients  for  HIV  infection  in  Los  Angeles,  we 
prospectively  evaluated  183  hospitalized  patients 
with  acid-fa.st  smear-positive  tuberculosis  who 
gave  no  history  of  HIV  infection.  HIV  serolog- 
ic lesiing  was  perlbnued,  and  the  presence  of  risk 
factors  for  HIV  infection  was  assessed  by  inter- 
view and  review  of  the  medical  record.  Thirty- 
three  patients  (I89r)  were  infected  with  HIV. 
Based  on  data  obtained  by  interview,  124  (68'/r) 
of  1 83  patients  had  at  least  I  risk  factor  for  HIV 
infection.  The  most  common  risk  factors  were  re- 
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^h»   Capturing  Respiratojy  Senices  Outside  the  Hospital  Part  II: Subacute  Care 
with  Kevin  Cornish,  RRT,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  October  15,  12:30  p.m.  to  2:00  p.m. 
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Abstracts 


lated  to  heterosexual  transmission  of  HIV  (pros- 
titute contact,  multiple  sex  panners,  and  a  history 
of  sexually  transmitted  disease).  These  risk  fac- 
tors were  frequently  not  documented  in  the  med- 
ical record.  Among  the  33  patients  who  were  in- 
fected with  HIV.  30  were  identified  by 
interviewing  as  having  significant  risk  factors.  We 
concluded  that  most  tuberculosis  patients  in  Los 
Angeles  have  risk  factors  for  HIV  infection  and 
that  systematic  questioning  does  not  identify  risk 
factors  in  all  HIV-infected  tuberculosis  patients. 
These  data  support  current  recommendations  to 
screen  all  tuberculosis  patients  for  HIV  infection. 

Morbidity  and  Mortality  in  Children  .Associ- 
ated with  the  Use  of  Tobacco  Products  by  Other 
People— JR  DiFran/a.  RA  Lew.  Pcdiatncs  1446; 
47(4):56(). 

OBJECTIVE:  To  evaluate  the  impact  of  adult  to- 
bacco use  on  the  health  of  children.  DESIGN:  A 
literature  review  identified  relevant  research  re- 
ports. Meta-analysis  was  used  to  compute  a  pooled 
risk  ratio  for  each  condition  studied.  The  risk  ra- 
tios were  combined  with  data  on  exposure  rates 
to  pnxiuce  estimates  of  the  population-attributable 
risk.  RESULTS:  Each  year,  among  Americ;m  chil- 
dren, tobacco  is  asswiated  with  an  estimated  284 
to  360  deatlis  from  lower  respiratory  U'act  illnesses 
and  fires  initiated  by  smoking  materials,  more  than 
,W0  fire-related  injuries,  3.'i4,000  to  2.2  million 
epi.sodes  of  otitis  media,  ,'i,200  to  I6-'^,000  tym- 
panostomies, 14,000  to  21,000  tonsillectomies 
and/or  adenoidectomies,  529,000  physician  vis- 
its for  asthma,  1.3  to  2  million  visits  for  coughs, 
and  in  children  younger  than  5  years  of  age. 
260,000  to  436,000  episodes  of  bronchitis  and 
1 1  .';,(:KX)  to  I90,(KX1  episodes  of  pneumonia.  CON- 
CLUSIONS: The  use  of  tobacco  prixlucls  by  adults 
has  an  enormous  ad\  erse  impact  on  the  health  of 
children.  Although  more  reseaich  is  needed  in  sev- 
eral areas,  action  to  reduce  the  morbidity  and  mor- 
tality among  children  should  not  be  delayed.  New 
laws  and  policies  are  needed  to  grant  children  pro- 
tection from  bodily  injury  and  death  attributable 
to  the  use  of  tobacco  products  by  others- 
Respiratory  Characteristics  during  Sleep  in 
Healthy  Small-for-Cestationa]  Age  Newborns — 
L  Cur/.i-Dascalova,  P  Peirano,  E  Christova.  Pe- 
diatrics 19%;')7(4):.'i54. 

OBJECTIVE:  Small-for-gestational  age  (SGA) 
infants  bom  with  intrauterine  growth  retardation 
(lUGR)  differ  from  appropriate-for-gestational 
age  (AGA)  infants  by:  (a)  alterations  in  a  num- 
ber of  neurologic  and  neurophysiologic  charac- 
teristics: (b)  modified  heart  rate  variability  dur- 
ing the  neonatal  pencxi:  ;md  (c)  increased  morbidity 
rates  during  the  first  months  of  life.  However,  there 
are  no  data  on  the  impact  of  ILIGR  on  respirato- 
ry function  control  at  birth.  METHODS:  We  stud- 
ied 57  newborns  who  were  35  to  36,  37  to  38,  and 
39  to  41  weeks  conceptional  age  (CA):  3 1  were 


AGA  and  26  were  SGA.  All  were  clinically  and 
neurologically  normal  at  binh  and  none  exhibited 
abnormal  events  during  the  first  year  of  life.  Poly- 
graphic  recordings  were  performed  between  2 
meals  during  the  nomial  postnatal  stay  in  the  ma- 
ternity ward.  RESLfLTS:  During  both  active  sleep 
(AS)  and  quiet  sleep  (QS),  SGA  infants  in  all  CA 
groups  had  significantly  higher  values  for  the  in- 
cidence of  2  to  4.9  seconds  and  5  to  9.9  seconds 
central  respiratory  pauses  (RP),  the  apnea  index 
(AT)  [AI  =  %  of  nonbrealhing  time],  and  the  time 
spent  with  periodic  breathing  (PB  I,  as  compared 
with  AGA  inf;uits.  Respiratory  frequency  was  usu- 
ally similar  in  SGA  and  AGA  infants.  In  addition, 
the  trend  of  age-related  respiratory  modifications 
was  disturbed  in  SGA  infants,  as  compared  with 
AGA  infants:  at  39  to  41  weeks  CA,  SGA  infants 
had  no  significant  decreases  in  RP,  AI,  or  PB,  and 
no  increase  in  respiratory  frequency.  However, 
between-state  differences  were  similar  in  both 
groups.  In  all  AGA  and  SGA  infant  groups  res- 
piratory frequency  seemed  to  be  an  indi\  idual  ch;ir- 
acteristic:  infants  who  breathed  faster  during  AS 
breathed  faster  during  QS,  and  vice-versa.  CON- 
CLUSION. Our  data  demonstrate  significant  mod- 
ifications in  the  establishment  of  respiratory  rhythm 
control  in  SGA  infants,  whereas  the  patterns  of 
state-related  and  subject-dependent  breathing  char- 
acteristics were  similar  in  SGA  and  AGA  infants. 
We  speculate  that  the  dysregulation  of  respiratory 
function  control  maturation  observed  in  healthy 
SG.\  infants  may  be  related  to  subtle  brainstem 
modifications  attributable  to  the  decreased  blood 
supply  and  chronic  hypoxia  associated  with  ILIGR. 

Sweat  Chloride  Concentrations  in  Infants  Ho- 
mozygous or  Heterozygous  for  F511S  Cystic  Fi- 
brosis—PM  Farrell,  RE  Koscik.  Pediatrics  1996; 
97(41:524. 

OBJECTIVE:  To  determine  whether  an  adequate 
volume  of  sweat  could  be  obtained  routinely  from 
infants  younger  than  6  weeks  old  and  to  eval- 
uate sweat  chloride  levels  in  infants  with  known 
genotype  statuses,  including  heterozygote  car- 
riers for  cystic  fibrosis  (CF).  METHODOLO- 
GY: Infants  were  evaluated  using  pilocarpine 
iontophoresis  and  measurement  of  sweat  volume 
and  chloride  concentration.  The  majority  of  these 
infants  were  refcired  because  of  newborn  screen- 
ing test  results  positive  for  CF  based  on  im- 
munoreactive  trypsinogen  analysis.  DNA  anal- 
yses for  the  3-base  pair  deletion  at  codon  508 
of  the  CF  transmembrane  regulator  gene  (F5i)8 
mutation)  were  performed  whenever  possible, 
and  patients  with  CF  were  categorized  by  geno- 
type. RESULTS:  Sweat  tests  were  performed 
successfully  (>  .50  mg  of  sweat)  in  99.3%  of  the 
infants  tested,  and  there  was  no  difference  in  the 
proportion  of  unsuccessful  tests  in  infants 
younger  than  or  older  than  6  weeks  of  age.  The 
normal  mean  ±  SD  sweat  chloride  was  10.6  ± 
5.2  mEq/L  (95%  confidence  interval,  9.9-1 1.3). 
Patients  with  CF  who  are  Fsog  homozygotes  or 


Fsns  compound  heterozygotes  or  who  have  2 
other  non-Fsds  mutant  alleles  were  shown  to  have 
similar  sweat  chloride  levels,  with  mean  values 
of  99.9.  98.8,  and  96.6  mEq/L,  respectively.  The 
group  of  infants  who  were  found  to  be  CF  (Fjns) 
heterozygote  carriers,  when  compared  with  the 
healthy  group,  had  mildly  but  significantly  in- 
crea.sed  sweat  chloride  concentrations,  with  a 
mean  ±  SD  of  14.9  ±  8.4  mEq/L  (95%  confi- 
dence interval.  13.4-16.4).  CONCLUSIONS: 
Quantitative  pilocarpine  iontophoresis  can  be 
used  successfully  in  infants  younger  than  6  weeks 
of  age  who  are  undergoing  routine  diagnostic 
evaluations  to  follow  up  newborn  screening  test 
results  that  are  positive  for  CF.  The  upper  limit 
of  normal  sweat  chloride  in  infants  should  be  re- 
vised to  40  mEq/L  ( mean  ±  3  SD  of  the  CF  het- 
erozygote carrier  group).  CF  heterozygote  car- 
rier infants  with  1  Fjhr  mutant  allele  show 
phenotypic  manifestations  of  CF.  including  sub- 
clinical elevations  of  sweat  chloride. 

The  Efficacy  of  Nebulized  Budesonide  in  Dex- 
aniethasonc-Treated  Outpatients  with  Croup — 

TP  Klas.sen.  LK  Wattcn,.  ME  Feldman,  T  Sutclitfe. 
PC  Rowe.  Pediatrics  1996;97(4):463. 

OBJECTTVE:  Todetemiine  the  added  clinical  tx-n- 
efit  of  nebulized  budesonide  in  children  with  mild 
to  moderate  croup  treated  w  ith  0.6  mg/kg  oral  dex- 
amethasone.  DESIGN.  Randomized,  double-blind, 
placebo-controlled  trial.  SETTING:  Emergency 
department  of  a  terti;iry-care  pediatric  hospital  with 
47.000  visits/year.  PARTICIPANTS:  Children  3 
months  to  5  years  of  age  with  a  syndrome  con- 
sisting of  hoarseness,  inspiratory  stridor,  and  bark- 
ing cough  and  a  croup  score  of  3  or  greater  after 
at  least  1 5  minutes  of  mist  therapy.  Patients  were 
excluded  from  the  study  if  they  had  diagnoses  of 
epiglottitis,  chronic  upper  or  lower  airway  disease 
(not  including  asthma),  or  severe  croup  or  had  re- 
ceived corticosteroids  within  the  preceding  2 
weeks.  INTERVENTION:  All  patients  received 
0.6  mg/kg  oral  dexamethasone  and  were  randomly 
assigned  to  receive  4  niL  (2  mg)  of  budesonide 
solution  (n  =  25)  or4  mL  of  0.9%  saline  solution 
(n  =  25)  by  updraft  nebulizer  with  a  continuous 
flow  of  oxygen  at  5  to  6  L/min.  MAIN  OUT- 
COME MEASURES:  The  primary  outcome  mea- 
sure was  the  proportion  of  patients  in  each  group 
who  had  clinically  important  changes  (2  points) 
in  the  croup  score  during  the  4  hours  after  treat- 
ment. RESULTS:  Eighty-four  percent  (n  =  21 ) 
of  the  patients  who  received  budesonide  had  clin- 
ically important  responses,  compared  with  56% 
(n  =  14)  in  the  placebo  group.  The  number  of  pa- 
tients who  would  need  to  be  treated  with  nebu- 
lized budesonide  for  I  patient  to  have  a  clinically 
important  response  is  4  patients,  CONCLUSIONS: 
Despite  receiving  simultaneous  oral  dexam- 
ethasone. pediatric  outpatients  with  mild  to  mod 
erate  croup  have  added,  clinically  important  r  .- 
provement  in  respiratory  symptoms  after  uv.itiiient 
with  budesonide. 
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Dear  Reader: 
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Ventilation:  Ventilatory  Techniques,  Pharmacology,  and  Patient  Management  Strategies.  Previous 
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1992  -  Emergency  Respiratory  Care  (June  and  July,  Volume  37,  Numbers  6  and  7) 
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1991  -  Respiratory  Care  of  Infants  and  Children  (June  and  July,  Volume  36,  Numbers  6  and  7) 
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1989  -  Pulmonary  Function  Testing  (June  and  July,  Volume  34,  Numbers  6  and  7) 

1988  -  PE£P  (June  and  July,  Volume  33,  Numbers  6  and  7) 

1987  -  Mechanical  Ventilation  (June  and  July,  Volume  32,  Numbers  6  and  7) 

1986  -  Neonatal  Respiratory  Care  (June  and  July,  Volume  31,  Numbers  6  and  7) 

1985  -  Monitoring  of  Critically  III  Patients  (June  and  July,  Volume  30,  Numbers  6  and  7) 
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1 983  -  The  Management  of  Acute  Respiratory  Failure  (May,  Volume  28,  Number  5) 
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We  believe  that  publication  of  the  conference  proceedings  is  among  the  greatest  accomplishments  by  the 
Association  and  the  Journal.  For  this  we  owe  a  lot  to  many  unselfish  individuals:  the  Editorial  Board,  the 
speakers,  the  Conference  chairmen,  Editor  Pat  Brougher,  and  Associate  Editor  Kaye  Weber.  Their 
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topics  of  tremendous  importance  to  pulmonary  medicine. 

We  hope  you  find  the  latest  proceedings  of  benefit  to  you  and  your  patients. 

Sincerely, 


'^y^-'y-^^ 
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Introduction 

Hooke'  pro\ided  one  of  the  earliest  descriptions  of  arti- 
ficial ventilation  by  demonstrating  thai  an  animal  could  be 
kept  alive  by  using  bellows  to  deliver  gas  to  the  lungs.  Sub- 
sequent methods  of  ventilation  have  evolved  to  yield  the 
positive  pressure  ventilators  that  are  in  use  today.  There  is 
liule  doubt  that  the  \  olume-cycled  or  pressure-limited  modes 
of  conventional  mechanical  ventilation  (CMV)  are  effec- 
tive in  most  patients.  However,  there  is  a  subgroup  of 
patients,  with  severe  respiratory  failure  and  intractable  hypox- 
emia, who  do  not  respond  to  conventional  modes  of  ven- 
tilation. The  ongoing  frustration  in  managing  these  patients 
has  proN'ided  the  impetus  for  the  development  of  alterna- 
tive ventilatory  techniques,  such  as  high-frequency  venti- 
lation (HFV).  A  major  goal  in  developing  this  method  of 
ventilation  has  been  to  find  a  way  to  optimize  gas  exchange 
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while  minimizing  \entilator-induced  lung  injury  and  the 
adverse  hemodynamic  consequences  of  high  intrathoracic 
pressures.  Early  experiments  in  animals-"*  showed  that  HFV 
was  safe  and  provided  adequate  support  of  gas  exchange 
at  low  lung  pressures.  In  fact,  a  low  airway  pressure  was 
believed  to  be  the  'protective"  mechanism  offered  by  high- 
frequency  ventilation  and  became  the  piiman,  outcome  \  ari- 
able  in  the  largest  randomized,  controlled  trial  that  had  yet 
been  conducted,  evaluating  high-frequency  jet  \entilation 
(HFJV).  in  adults."  The  trial  failed  to  show  any  advantage 
of  HFJV  over  CMV.  This  is  not  surprising  given  recent  lit- 
erature on  ventilator-induced  lung  injiiiy  demonstrating  that 
a  low-pressure  strategy  may  result  in  worse  lung  damage 
as  a  consequence  of  repeated  opening  and  closing  of  ter- 
minal airways.''  ■^  Therefore,  these  data  support  the  critical 
importance  of  an  initial  \olume-recruitment  maneu\er  so 
that  lung  inflation  is  optimal.  The  advantage  of  HFV.  then, 
may  lie  with  its  ability  to  maintain  alveolar  recaiitmenl  while 
minimizing  large,  and  potentially  damaging,  tidal  pressure 
and  volume  excursions.  The  results  of  the  larger  clinical 
trials  reported  in  the  literature  antedated  the  use  of  Uing- 
volume-recruitment  maneuvers. ''■^  Thus,  the  thesis  of  this 
paper  is  that  many  previous  conclusions  concerning  the  role 
of  HFV  in  acute  lung  injury  deserve  revisiting. 

Types  of  HFV 

It  has  been  suggested  that  the  term  HFV  be  use  '  to 
describe  any  type  of  mechanically  assisted  ventilaii   n  that 
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employs  reduced  tidal  volume  (Vj)  at  an  increased  frequency." 
Figure  1  illustrates  the  relationships  of  Vj  and  frequency 
among  the  various  devices  used  to  support  gas  exchange.'" 
The  classification  of  the  types  of  HFV  is  controversial  because 
so  many  hybrids  have  evolved  over  a  brief  period  of  time. 
McCullough  and  colleagues' '  have  proposed  that  different 
ventilators  be  categorized  by  their  mechanism  of  expiration. 
HFV-passive  (HFV-P)  are  those  that  rely  solely  on  the  pas- 
sive recoil  of  chest  wall  and  lung  for  expiratory  flow,  and 
HFV-active  (HFV-A)  are  those  that  have  active  expiration. 
HFV-P  devices  include  those  used  for  high-frequency  posi- 
tive pressure  ventilation  (HFPPV)  and  HFJV.  HFV-A  devices 
include  those  used  for  high-frequency  oscillatory  ventila- 
tion (HFOV)  and  some  high-frequency  (low  interrupters 
(HFFl).  The  simplicity  of  this  classillcation  system  is  appeal- 
ing and  may  help  make  a  complex  and  sometimes  confus- 
ing body  of  literature  more  understandable. 


Convenlional 
Ventilation 
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Fig.  1.  The  relationship  of  respiratory  rate  to  dead  space  (Vd)  and 
tidal  volume  among  different  alternatives  to  conventional  mechani- 
cal ventilation  for  supporting  gas  exchange.  The  x-axis  is  a  logarith- 
mic scale  and  the  y-axis  is  not  quantitative.  LFPPV-ECCO2R  =  low- 
frequency  positive  pressure  ventilation  with  extracorporeal  carbon 
dioxide  removal;  HFPPV  ^  high-frequency  positive  pressure  venti- 
lation; HFJV  =  high-frequency  jet  ventilation;  HFBSO  =  high-fre- 
quency body-surface  oscillation;  HFO  =  high-frequency  oscillation. 
(From  Reference  10,  with  permission.) 


HFPPV 

HFPPV  was  first  developed  by  Oberg.  Sjostrand  and  col- 
leagues in  1967. '-''■*  The  original  rationale  for  this  new  mode 
of  ventilation  was  to  reduce  dead  space  by  endotracheal  insuf- 
tlation  so  that  smaller  Vjs  and  higher  ventilatory  frequen- 
cies could  be  used  to  provide  adequate  alveolar  ventilation 
at  lower  mean  airway  pressure  (Pjw)-  Further,  the  inertia  char- 
acteristics of  the  lungs  during  insufflation  at  high  frequen- 
cies might  avoid  the  adverse  circulatory  effects  of  mechan- 
ical ventilation.  This  method  was  developed  during  research 
on  carotid-sinus  reflexes  and  was  used  to  minimize  variations 


in  blood  pressure  induced  by  tidal  excursions.'-  The  system 
delivered  gas  at  high  Hows  { 175-250  L/min).  and  adequate 
gas  exchange  could  be  attained  with  Vjs  of  3-4  inL/kg  at  60- 
100  breaths/min.  The  reported  advantages  included  decreased 
ventilator-patient  asynchrony  and  reduced  need  for  sedation." 
HFPPV  has  been  used  primarily  during  laryngoscopy,  bron- 
choscopy, and  upper  airway  surgery."'  A  diagram  of  the 
HFPPV  circuit  is  shown  in  Figure  2." 
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Fig.  2.  Gas-flow  circuits  of  the  three  most  common  types  of  high- 
frequency  ventilators.  At  the  top  of  the  figure  is  the  circuit  for  high- 
frequency  positive  pressure  ventilation.  Note  that  flow  enters  from 
a  low-compliance  ventilator  (a),  is  delivered  to  the  lung  without 
entrainment  (b).  and  exits  passively  (c).  The  middle  portion  of  the 
figure  illustrates  high-frequency  jet  ventilation.  In  this  circuit,  condi- 
tioned breathing  gas  (b)  enters  the  lung  through  a  small-lumen 
injecting  cannula  (c),  entraining  volume  from  adjacent  reservoirs 
(b),  and  exits  through  a  different  path  (d).  Exhalation  is  passive.  At 
the  bottom  is  the  circuit  for  high-frequency  oscillation  which  relies 
on  the  to-and-fro  motion  of  a  piston  (a).  This  application  requires 
the  use  of  a  bias  flow  (b-c)  that  may  be  introduced  anywhere  along 
the  inspiratory  circuit.  However,  the  closer  the  flow  is  to  the  lung, 
the  more  efficiently  carbon  dioxide  is  removed.  (From  Reference 
17,  with  permission.) 


HFJV 

HFJV  evolved  from  a  technique  originally  devised  by 
Sanders"*  in  which  gas  from  a  high  pressure  source  is  deliv- 
ered through  a  small-bore  cannula  positioned  in  the  airway. 
The  opening  and  closing  of  a  solenoid  valve  is  regulated 
by  a  timer"*  or  a  fluidic  control  valve-"  and  permits  inter- 


386 


Respir.^tory  Care  •  May  '96  vol  41  No  5 


High-Frequency  Ventilation 


mittent  gas  delivery.  Because  of  the  narrow  outflow  orifice, 
a  jet  effect  is  produced,  entraining  gas  around  the  cannula 
(Fig.  2).  Therefore,  liie  total  volume  of  gas  received  by  the 
patient  is  the  sum  of  the  volume  leaving  the  catheter  and 
the  volume  of  entrained  gas.  The  ratio  of  inspiratory  time 
to  expiratoi->  time(l:E)  is  usually  in  the  range  of  1:2  to  1;8. 
and  respiratory  rates  in  adults  are  commonly  100-200 
breaths/min.-'  Precise  Vjs  are  difficult  to  predict  because 
they  are  a  complex  function  of  driving  pressure,  cannula 
resistance,  inspiratory  time,  entrainment  volume,  and  the 
back  pressure,  or  impedance,  generated  by  the  respiratory 
system.---'  Similar  to  HFPPV.  inspiration  is  active  and  expi- 
ratory flow  is  passive,  driven  by  the  passive  recoil  of  the 
lung  and  chest  wall. 

The  effect  of  the  manipulation  of  different  operating  char- 
acteristics (eg,  inspiratoi7  time,  driving  pressure,  frequency) 
varies,  depending  on  the  specific  ventilator-endotracheal  cir- 
cuit that  is  used  and  on  the  patient's  pulmonary  mechanics.-"" 
However,  some  generalizations  can  be  made.  An  increase  in 
driving  pressure  produces  an  increase  in  Vj  that  enhances  COj 
elimination.-^  This  may  be  associated  with  an  increase  in  end- 
expiratory  lung  volume,  or  functional  residual  capacity  (FRC), 
and  Paw-  partially  because  of  flow  limitation  during  expira- 
tion. In  contrast,  increasing  respiratoiy  frequency  or  decreas- 
ing the  I:E  compromises  CO:  elimination  because  of  the  obli- 
gatory reduction  in  Vj.-'^-''  Furtliemiore.  increasing  frequency 
above  100-150  breaths/min  has  been  associated  with  significant 
gas  trapping  due,  in  part,  to  the  specific  mechanical  proper- 
ties of  the  patient's  lung.-- 

HFOV 

HFOV  is  unique  compared  to  other  fomis  of  HFV  in  that 
both  inspiration  and  expiration  are  active — gas  is  actively 
pushed  into  the  lung  and  actively  withdrawn.  Most  oscilla- 
tors employ  an  obligatory  I:E  of  1 : 1  because  of  their  inter- 
nal design  and  a  wide  frequency  range  (1  to  50  Hz.  1  Hz  = 
1  cycle/s).  The  ventilator  itself  does  not  supply  fresh  gas  to 
the  patient  in  the  same  way  that  conventional  ventilators  do. 
Rather,  a  fresh-gas  bias  flow  is  delivered  to  the  circuit  often 
from  an  external  source  (Fig.  2)."-"'"^- 

Mechanisms  of  CO2  Elimination 

HFY  illustrates  how  effective  CO2  elimination  can  occur 
with  small  Vjs — often  less  than  the  volume  of  the  anatomic 
dead  space."  This  is  now  (1996)  a  well-established  concept, 
although  initially  it  was  felt  to  violate  one  of  the  fundamental 
tenets  of  pulmonaiy  physiology — the  requirement  that  Vj  be 
greater  than  the  volume  of  the  anatomic  dead  space.  Of  inter- 
est is  that  researchers  had  challenged  this  concept  as  early  as 
1913  M.35  Q^s  tr;uisport  during  HFV  probably  results  from  sev- 
eral different  mechanisms  (Fig.  3),  wliich  have  been  reviewed 
in  a  number  of  papers,  '^-^m-* 


Direct  alveolar 
ve 


Taylor-type  dispersion 


.i»' 


^^'"^ 


Fig.  3.  Mechanisms  of  gas  transport  dunng  high-frequency  ventila- 
tion. These  mechanisms  are  not  mutually  exclusive — more  than 
one  may  operate  in  various  regions  of  the  lung  at  once,  and  they 
may  be  synergistic.  Alveolar  ventilation  by  out-of-phase  HFO  is 
also  l<nown  as  pendelluft.  (From  Reference  38,  with  permission.) 


Bulk  Convection 

During  normal  tidal  breathing,  inspired  air  passes  directly 
to  the  gas  exchanging  regions  of  the  lung  by  bulk  con\ection. 
Even  when  the  Vx  is  reduced  to  a  level  that  is  less  than  the 
anatomic  dead  space,  there  will  be  some  direct  alveolar  ven- 
tilation. This  is  related  not  only  to  the  proximity  of  some  alve- 
oli but  to  asymmetries  of  the  lung  and  nonuniformity  of  the 
fiow-velocity  profiles  in  the  conducting  airways. ^*-'^ 

Asymmetric  Velocity  Profiles 

This  mechanism  was  first  proposed  by  Haselton  and 
Scherer.'""*'  With  an  oscillatory  flow,  there  are  differences 
in  velocity  profiles  depending  on  flow  direction.  Over  the  course 
of  several  oscillation  cycles,  gas  particles  move  forward  or 
backward  depending  on  whether  they  reside  in  the  center  or 
near  the  wall  of  the  airway  lumen.  Therefore,  at  the  end  of 
each  oscillation  cycle  there  is  a  net  bidirectional  flow.  As  fresh 
gas  is  introduced,  radial  diffusion  occurs  in  response  to  local 
gas  pressure  differences,  and.  because  of  this  bidirectional  flow, 
oxygen-rich  gas  is  delivered  distally  while  carbon-dioxide- 
rich  gas  moves  proximally. 

Pendelluft 

At  high  respiratory  frequencies  the  distribution  of  gas 
depends  on  time-constant  ( r)  inequalities.  Gas  flows  from 
■fast'  lung  regions  (those  with  short  z)  to  "slow"  lung  regions 
(those  with  long  r)  to  achieve  a  back-and-forth  'sloshing' 
motion,  which  has  been  tenned  pendelluft — Gennan.  for  'hv, 
swing."  This  leads  to  mixing  and  eventual  homogenizat'on 
of  regional  gas  concentrations.  This  principle  was  bopie  out 
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by  Lehr  and  colleagues""  who  were  able  to  demonstrate  dif- 
ferences in  the  sequence  of  expansion  within  and  between 
lung  lobes,  suggesting  that  gas  did  indeed  circulate  among 
different  lung  regions.  Further.  Allen  et  al*  and  Fredberg  and 
co-workers'*^  showed  that  phase  differences  in  pressure  were 
not  uniformly  disUibuted.  These  phase  differences  could  estab- 
lish circulating  currents  that  facilitated  alveolar  gas  interchange 
several  times  within  the  time  period  nonnally  required  to  cle;ir 
the  lung  once. 

Taylor  Dispersion 

Taylor**"  demonstrated  that  the  addition  of  convective  flow 
to  a  diffusive  process  significantly  increases  dispersion  of 
tracer  molecules.  Fredberg^"  proposed  that  Taylor  dispersion 
in  turbulent  flow  was  the  main  mechanism  of  gas  transport 
in  HFV.  Based  on  this  theory,  he  hypothesized  that  CO2  elim- 
ination would  be  proportional  to  the  product  o(  the  Vj  and 
respiratory  frequency.  Subsequent  work  has  shown  that  Vt 
is  a  greater  determinant  of  gas  exchange  than  I'requency  dur- 
ing HFV.  thus  suppoiting  the  contention  ihat  multiple  mech- 
anisms contribute  to  CO2  elimination  during  HFV."  A  num- 
ber of  cxperimentid  studies  evaluating  gas  triuisporl  mechanisms 
have  shown  that  CO;  transport  varies  as  the  product  of  fre- 
quency and  Vt  raised  to  a  jiower  between  I  and  2."-""'^ 

Cardiogenic  Mixing 

.Slutsky"'  proposed  that  gas  mixing  in  HFV  could  be 
enhanced  by  cardiogenic  oscillations.  Thus,  the  continuous 
pumping  motion  of  the  heart  acts  to  potentiate  peripheral  gas 
mixing  and  enhance  distribution.  Similarly,  the  gas  transport 
mechanisms  thought  to  be  operatise  during  HFV  could  explain 
gas  mixing  by  cardiogenic  oscillations. 

Molecular  Dilfusion 

Molecular  diffusion  plays  a  central  role  in  gas  transport 
in  the  terminal  airways.  However,  the  residence  time  within 
the  alveolar  region  is  miirkedly  reduced  during  HFV  and.  there- 
fore, the  time  available  for  equilibration  within  a  particular 
cycle  is  reduced. 

Mechanisms  of  Oxygenation 

The  efficiency  of  gas  exchange  confened  by  HFV  is  inex- 
tricably linked  to  the  nature  of  the  O:  and  COi  dissociation 
curves.  Becau.se  the  CO2  dissociation  curve  is  relatively  lin- 
ear throughout  the  physiologic  range,  one  can  achieve  nomicv 
capnia  through  hyperventilation  even  when  a  substantial  pro- 
portion of  alveoli  are  underventilated  or  nonventilated. 
However,  the  O;  dissociation  cur\e  is  quite  alinear  and.  there- 
fore, dictates  tliat  no  degree  of  hyperventilation  can  compensate 
directly  for  an  abnoimal  relationship  of  ventilation  to  perfusion 


(V-Q  mismatch).  Therefore,  HFV  can  be  used  to  treat  patients 
with  generalized  alveolar  hypoventilation,  as  v\  ith  a  bron- 
chopleural fistula. 

The  principles  of  oxygenation  during  HFV  are  similar  to 
those  operative  during  CMV.  To  improve  oxygenation,  HFV 
must  be  coupled  with  an  optimal  lung-volume/alveolar-recruit- 
ment strategy.  Such  a  recruitment  strategy  helps  to  overcome 
alveolar  opening  pressure  and  raises  tidal  ventilation  to  the 
more  favorable,  linear  portion  of  the  volume-pressure  rela- 
tionship. The  utility  of  HFV  may  be  its  ability  to  maintain  end- 
expiratory  lung  volume  while  minimizing  peak  alveoku-  stretch, 
thereby  minimizing  ventilator-associated  lung  damage.''-' ' 

Purported  .\dvantages  of  HFV 

Nonconventional  modes  of  ventilation  were  devised  in 
an  attempt  to  address  historical  concerns  with  conventional 
mechanical  ventilation.  New  systems  were  developed  to  ( 1 ) 
minimize  the  detrimental  impact  of  intrathoracic  pressure  \;iri- 
ations  on  cardiovascular  function;  (2)  facilitate  a  motionless 
field  for  certain  surgical  procedures:  (3)  improve  gas  exchange 
in  patients  for  whom  CMV  is  ineffective:  and  (4)  minimize 
ventilator-induced  lung  injury.  The  advocates  of  HFV  pro- 
posed that  the  use  of  small  Vjs  would  decrease  alveolar  pres- 
sure swings  and  minimize  the  risk  of  barotrauma.  The  suc- 
cess of  HFV  in  fulfilling  these  goals  has  been  somewhat 
mixed.  However,  there  is  little  doubt  that  it  is  effective  in  cer- 
tain endoscopic  and  surgical  procedures,  and  it  impnnes  ven- 
tilation in  certain  clinical  situations;  although,  like  CMV.  in 
the  absence  of  optimal  lung  recruitment,  HFV  is  unable  to 
benefit  oxygenation. 

Despite  eariy  optinusm  that  HFV  would  nnnniii/e  hemo- 
dynamic compromise,  no  compelling  data  support  that  it  is 
truly  cardiac  sparing  when  compared  to  CMV  at  equiv  alenl 
Piiw-^'^'  Perhaps  the  greatest  advantage  of  HFV  lies  in  its  abil- 
ity to  support  gas  exchange  while  minimizing  ventilator- 
induced  lung  injurv.  Eariy  animal  data  in  two  models  of  acute 
lung  injury  demonstrated  that  HFV,  when  combined  with  a 
sustained  inflation,  can  result  in  larger  mean  lung  volumes 
and  improved  oxygenation  compared  with  CMV.^-  "  Fur- 
ther data  not  only  confirmed  that  HFV  in  combination  with 
volume  recruitment  provided  good  gas  exchange  but  also 
demonstrated  histologic  evidence  of  decreased  lung  injurx 
compared  with  CMV.  During  a  5-hour  period  of  ventilation, 
all  CMV  animals  developed  diffuse  hyaline  membranes, 
whereas  there  was  no  evidence  of  lung  damage  in  the  HFV 
group. ^'  A  later  study  showed  Ihat  maintenance  of  aKeolar 
volume  is  the  key  mechanism  in  the  pres ention  of  \entila- 
tor-induced  lung  injury  and  that  al\ eoli  must  be  acti\ely  re- 
expanded  and  then  kept  expanded  with  whatever  Pav^  is 
required."  Therefore,  volume  recruitment  is  critical  to  main- 
tain the  patency  of  tenninal  aii^waxs.  decrease  large  pressure- 
volume  excursions,  and  minimize  pressure-induced  lung 
injury.  Early  clinical  trials  did  not  support  the  observations 
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made  in  these  animal  models.  However,  tlieir  ventilation  strate- 
gies involved  minimizing  pressure,  believing  that  would  min- 
imize pressure-induced  lung  injury.  This  practice  may  have 
confounded  their  conclusions.  Of  interest,  a  recently  published 
clinical  trial""*  in  pediatric  patients  with  acute  respiratory  dis- 
tress syndrome  (ARDS)  compared  HFOV  and  CMV.  These 
investigators  incorporated  an  aggressive  volume-recruitment 
protocol  and  their  results  support  the  observations  made  in 
these  animal  studies.  Eariier,  Clark  et  dV^  studied  3  groups 
of  neonatal  patients  with  respiratory  failure.  One  group 
received  CMV  alone,  luiother  received  CMV  and  HFOV,  and 
a  third  group  received  HFOV  alone.  The  incidence  of  chronic 
lung  disease  in  the  infants  who  were  treated  with  HFOV  alone 
was  significantly  lower  than  in  the  infants  treated  with  CMV 
alone.  These  investigators  applied  an  aggressive  lung-vol- 
ume-recruitment strategy  with  the  use  of  HFOV. 

Some  of  the  problems  clinicians  once  had  applying  HFV 
may  have  been  related  to  their  lack  of  a  theoretical  under- 
standing of  how  to  select  the  appropriate  ventilator  settings 
to  minimize  lung  injury.  Venegas  and  Fredberg''*  proposed 
guidelines  for  the  rational  selection  of  frequency,  Vj,  and 
Pa«  during  HFV.  Apart  from  pure  molecular  diffusion,  gas 
transport  in  the  airways  depends  largely  on  convective  fluid 
motion.  Their  analysis  was  based  on  two  aspects  of  fluid 
motion:  ( 1 )  the  transport  aspect  in  which  gas  is  driven  by  con- 
vective fluid  motion  and  (2)  the  mechanics  aspect  in  which 
convective  fluid  motion  is  driven  by  pressure  differences 
imposed  by  the  chest  wall  or  the  ventilator.  The  goal,  then, 
is  to  achieve  adequate  gas  transport  by  applying  distending 
pressures  that  minimize  alveolar  collapse  and  injury.  These 
authors  addressed  the  problem  of  achieving  adequate  alve- 
olar ventilation  at  minimal  pressure  cost  by  dividing  it  into 
two  problems;  ( 1 )  detennination  of  the  pressure  cost  per  unit 
of  convective  oscillatory  flow  and  (2)  determination  of  the 
convective  flow  cost  to  achieve  a  unit  of  alveolar  ventilation. 
They  used  models  of  gas  exchange  and  lung  mechanics  to 
subsequently  determine  the  total  pressure  cost  of  HFV  as  a 
function  of  both  the  ventilator  settings  and  the  physiologic 
variables  of  the  patient.  Their  analysis  supported  the  impor- 
tance of  using  HFV  in  infant  respiratory  distress  syndrome 
and  of  the  use  of  optimal  levels  of  positive  end-expiratory 
pressure  (PEEP).  Further,  it  underscored  the  danger  of  lung 
injury  to  the  collapsed,  or  derecruitcd,  lung."'' 

Problems  with  HFV 

A  major  difference  between  HFV  and  CMV  is  the  require- 
ment for  much  greater  flows  to  achieve  nonnocapnia.  Because 
of  this,  there  is  a  greater  potential  for  gas  trapping  related  to 
airflow  limitation  during  exhalation.'''"''^  Gas  trapping  is  par- 
ticularly wonisome  in  patients  whose  respiratory  systems  are 
highly  compliant  or  who  ai"e  being  ventilated  using  prolonged 
I:Es,  and  it  is  important  to  have  some  ongoing  means  of  detect- 
ing alveolar  hyperinflation — the  relationship  of  alveolar  pres- 


sure (Paiv)  to  proximal  Pa«.  This  relationship  can  be  measured 
by  simultaneous  tKclusion  of  the  airway  with  cessation  of  inspi- 
ratory flow  and  determination  of  the  equilibrium  pressure, 
which  represents  Pa]\ .  When  there  is  no  gas  trapping,  tliis  equi- 
librium pressure  is  not  higher  than  the  proximal  Pju."""' 

Necrotizing  tracheobronchitis  (NTB)  has  been  reported 
in  animals  and  in  patients  ventilated  with  HFV'-"''"'  and  is 
believed  to  be  due,  in  part,  to  inadequate  humidification  of 
the  high-velocity  gas  flow.''" '''  Although  some  animal  stud- 
ies have  shown  that  humidification  of  only  the  entrained  gas 
is  sufficient,  vigilance  is  required  to  avoid  mucosal  drying 
and  its  potentially  devastating  repercussions.  With  current 
systems,  NTB  has  ceased  to  be  a  serious  problem. 


Clinical  Studies  in  HFV 


HFJV 


HFJV  has  some  clinical  role  for  ventilating  patients  dur- 
ing certain  special  procedures  and  for  those  with  established 
barotrauma.  Its  role  in  the  management  of  acute  lung  injury 
remains  less  clear.  No  compelling  clinical  data  support  the 
superiority  of  HFV  over  CMV.  However,  given  the  evolution 
in  our  understanding  of  the  mechanisms  that  initiate  and  per- 
petuate lung  injury,  the  early  studies  n"iay  have  been  flawed. 

HFJV  during  Procedures.  HFJV  has  been  used  satisfac- 
torily during  bronchoscopy,  laryngoscopy  and  tracheal 
surgery. "**"''  It  offers  the  advantage  of  adequate  Vxs  with- 
out a  gas-tight  system  and  can  be  an  effective  ventilatory  strat- 
egy when  there  is  competition  for  access  to  the  airway.-'  It 
imparts  a  particular  advantage  in  its  ability  to  provide  a  near- 
motionless  surgical  field,  such  as  during  laser  resection  of 
endobronchial  tumors'-  and  during  pediatric  and  adult  car- 
diovascular procedures.''"'' 

HFJV  for  Bronchopleural  Fistulae.  Early  enthusiasm  for 
HFJV  came  from  the  observation  that  it  was  able  to  support 
gas  exchange  in  patients  with  bronchopleural  flstulae  (BPF) 
in  whom  air  leaks  had  prevented  adequate  alveolar  ventila- 
tion.'"''''"' The  purported  advantage  of  HFJV  was  its  ability 
to  provide  adequate  alveolar  ventilation  at  lower  peak  and 
mean  tracheal  pressures  than  CMV,  thereby  permitting  res- 
olution of  the  air  leak.  Because,  at  high-frequencies,  the  dis- 
tribution of  ventilation  becomes  less  dependent  on  regional 
resistance-compliance  and  more  on  regional  resistance-iner- 
tance  of  the  airways,  HFJV  might  offer  an  advantage  in  the 
treatment  of  BPF.  Unfortunately,  when  substantial  venous 
admixture  or  vcntilation-peifusion  n"iisn"iatch  is  present,  HFV 
offers  little  benefit  over  CMV. 

The  use  of  HFJV  in  BPF  has  not  been  rigorously  studied. 
This  is  understandable  given  that  BPF  is  often  life-threatening 
However,  despite  unproven  efficacy,  a  trial  of  HFJV  remains 
worthwhile  when  CMV  has  failed  because  it  can  support  \  cn- 
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tilation  using  lower  airway-pressure  swings  and  may  temporize 
in  a  clinical  emergency. 

Acute  1-ung  Injury.  That  mechanical  ventilation  can  induce 
luid/or  potentiate  lung  injuiy  has  been  known  since  the  advent 
of  positive  pressure  ventilation.  Greenfield  and  colleagues^^ 
were  the  first  to  demonstrate  that  dogs  ventilated  for  1-2  hours 
with  peak  airway  pressures  of  28-32  cm  H^O  developed 
increased  surface  tension  and  significant  atelectasis.  Barsch 
et  al™  and  Kolobow  et  al™  confirmed  these  observations  and 
provided  histologic  evidence  of  vascular  injury,  alveolar 
edema/hemorrhage,  and  hyaline  meinbrane  formation  in 
affected  animals.  In  addition  to  high  peak  airway  pressures, 
\entilation  with  high  Vts  has  also  been  described  as  an  inde- 
pendent contributor  to  lung  injury.*'"'*-  Of  interest,  several 
authors  have  shown  that  the  use  of  PEEP  ameliorates  lung 
injury.^-  **'  Enhoming'^^  and  Robenson**^  postulated  that  acute 
lung  injury  in  the  atelectasis-prone  lung  arose  from  shear 
stress  associated  with  repeated  opening  and  closing  of  ter- 
minal airways.  As  previously  discussed,  Bryan,  Froese  and 
colleagues''-^-"^'  further  supported  this  hypothesis  by  show- 
ing that  HFOV,  following  volume-recruitment  maneuvers 
(ie,  inflation  above  the  opening  pressure  of  the  lung),  mark- 
edly diminished  acute  lung  injury.  Sandbar  and  co-work- 
ers**^ reached  similar  conclusions  using  PEEP  to  prevent  alve- 
olar collapse  during  CMV  in  a  surfactant-deficient  rabbit 
model  of  infant  respiratory  distress  syndrome.  Recently. 
Muscedere  and  co-workers^  demonstrated  that  ventilation 
at  low  end-expiratory  lung  volumes  potentiates  lung  injury 
and  is  as  detrimental  as  overdistention.  Simiku'  findings  have 
been  reported  by  Cordero  et  al. "■*''*  The  ability  of  PEEP  to 
recniit  and  maintain  iilveoli  above  the  lower  inflection  point — 
ie,  the  opening  pressure  of  the  lung — minimizes  shear  stress 
and  may  account  for  its  protecti\e  role  in  ventilation  of  the 
acutely  injured  lung.^ 

Although  these  data  provide  compelling  evidence  for  the 
protective  effects  of  adequate  lung  volume  on  the  acutely 
injured  lung,  implementing  and  regulating  a  volume-recruit- 
ment strategy  during  HFJV  is  difficult.  The  optimism  of  the 
early  investigators  that  HFJV  could  offer  a  means  of  mini- 
mizing the  lung  injury  that  is  associated  with  ventilator  ther- 
apy has  not  been  confinned.  Several  prospective  studies  have 
failed  to  demonstrate  any  substantive  advantage  of  HFJV  over 
CMV.'*''-'"' The  largest  prospective  randomized  evaluation  of 
HFJV  was  published  in  1983.^  HFJV  was  shown  to  he  as  effec- 
tive as.  but  nt)t  superior  to,  CMV  in  maintaining  oxygenation 
and  ventilation  in  patients  with  ARDS,  and  no  difference  in 
mortality  was  found  between  the  groups. 

At  that  time,  the  use  of  low  ventilating  pressures  was 
believed  to  minimize  lung  injury  and,  therefore,  no  attempt 
at  volume  recruitment  was  made.  It  is  not  surprising,  then. 
that  these  clinical  studies  failed  to  show  any  significant 
improvement  in  oxygenation  with  HFJV.  However,  since  that 
time,  several  studies  ha\e  demonstrated  that  oxygenation  is 


largely  influenced  by  mean  transrespiratory  pressure  in  the 
atelectasis-prone  lung.--*'"  Thus,  it  follows  that  if  lower  air- 
way pressures  iire  the  clinical  goal,  oxygenation  may  be  com- 
promised and  lung  injury  worsened. 

Additional  work  has  shown  that  oxygenation  is  also  depen- 
dent on  the  maintemmce  of  lung  volume."-''"'*'^''  It  is  not  unex- 
pected that,  up  to  a  point,  the  amount  of  lung  volume  that  is 
recruited  is  proportional  to  the  pressure  applied  during  a  sus- 
tained inflation.  The  goal,  following  volume  recruitment,  is 
to  maintain  a  pressure  above  the  closing  pressure  of  the 
recruited  alveoli."  Some  authors  have  suggested  a  method 
of  determining  the  window  between  opening  pressure  and 
closing  pressure.''  This  involves  imposing  an  arbitrary,  but 
safe,  increase  in  airway  pressure  for  a  10-second  period  to 
determine  whetlier  a  sustained  rise  in  P,,c),  results.  If  this  maneu- 
ver has  the  hoped-for  effect,  this  new  pressure  is  belie\  ed  to 
be  above  the  closing  pressure  of  the  lung.  Using  this  tech- 
nique may  assist  the  clinician  in  achieving  optimal  lung-\  ol- 
unie  recruitment  without  the  risk  of  overdistention.  In  the 
above-mentioned  clinical  trials."'^*'  no  such  strategy  was  used. 

M;iinteniuice  of  lung  volume  is  also  important  in  minimizing 
ventilator-induced  lung  injury.  As  previously  discussed,  ani- 
mal studies  suggest  that  ventilation  at  lung  volumes  below 
the  lower  inflectit)n  point  of  the  respiratoiy  system  may  poten- 
tiate lung  injury  through  the  repeated  small-airway  opening 
and  closing  that  can  occur  during  the  respiratory  cycle.^*'-** 
Thus,  the  use  of  a  low-pressure/low-volume  strategy  in  these 
HFJV  studies  may  have  inadvertently  resulted  in  more  lung 
injury  than  might  have  occurred  with  CMV. 

Histologic  and  physiologic  data  from  animal  experiments 
support  the  rapid  development  of  ventilator-induced  lung 
injury.^"-'*  Therefore,  any  important  advantage  conferred  by 
HFV  could  only  be  realized  if  countermaneuvers  were  insti- 
tuted early  in  the  evolution  of  the  injury.  In  inost  early  clin- 
ical reports,  HFV  was  employed  as  a  salvage  regimen — in 
patients  at  high  risk  of  imminent  death — and,  clearly,  was  not 
evaluated  under  optimal  circumstances — an  important  con- 
sideration when  evaluating  this  evidence. 

HFOV 

Much  of  the  clinical  data  for  HFOV  is  found  in  the  pedi- 
atric literature.  Whereas,  several  in\  estigators  demonstrated 
in  early  trials  that  HFOV  could  support  gas  exchange  and 
often  could  result  in  a  decreased  Viq,.  others  found  few  ad\an- 
tages  over  CMV.'""-""  A  large,  multicenter,  randomized.  NIH- 
sponsored  clinical  trial  was  conducted  to  compare  the  safety 
and  efficacy  of  HFOV  with  CMV  in  the  treatment  of  res- 
piratory failure  in  preterm  mfants.  HFOV  was  shown  to  be 
safe  and  effective  but  did  not  decrease  the  incidence  of  chronic 
lung  disease  or  confer  any  sunival  ad\antage.  In  fact,  it  was 
found  to  be  associated  v\  itli  an  increased  incidence  of  pneumo- 
peritoneum, intracranial  hemorrhage,  and  periventricular 
leukomalacia.''  Ho\\e\er.  the  strategy  employed  was  a  con- 
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servative  one,  including  sighs  limited  to  one  second  and  the 
same  Paw  in  both  groups.  Previous  animal  data  have  suggested 
that  longer  sighs  and  higher  Pa«  are  needed  to  recruit  the  lung 
and  that  this  strategy  results  in  significantly  less  lung 
injury."""*^"'"  This  explanation  may  account  for  these  dis- 
appointing results,  particularly  because  other  investigators 
have  reported  both  intermediate  and  long-term  benefit  in 
infants  treated  with  HFOV,'''*'**' 

A  recent  prospective,  randomized  comparison  of  HFOV 
and  CMV  in  pediatric  respiratory  failure  employed  an  aggres- 
sive volume-recruitment  strategy.'''  The  optimal  lung  volume 
strategy  was  associated  with  a  higher  P^v  in  the  HFOV  group. 
but  with  a  lower  frequency  of  air  leaks.  This  conclusion  was 
supported  by  a  decreased  need  for  suppleinental  oxygen  at 
30  days  and  overall  improved  outcome  compared  to  CMV. 
These  data  support  the  conclusions  drawn  from  animal  stud- 
ies''*''^' and  are  very  promising. 

HFPPV 

Data  on  the  use  of  HFPPV  in  clinical  practice  are  liinited. 
It  has  been  used  with  success  in  endoscopy  and  laryngeal 
surgery  where  it  is  convenient  to  ventilate  patients  through 
a  small  catheter.  "■'S''*''^  However,  in  adult  luid  pediatric  patients 
with  acute  lung  injury,  HFPPV  showed  no  advantage  over 
CMV  when  oxygenation  and  cardiac  output  were  used  as  clin- 
ical end  points.'"""" 

Cardiac  Effects  of  HFV 

hi  theory,  HFV  could  augment  cardiac  output  because  the 
frequencies  used  in  adults  are  similar  to  the  range  of  heart  rates. 
Methods  were  devised  to  synchronize  inspiration  with  the  elec- 
trocardiogram.'"-'"' Isolated  reports  and  small  series  support 
the  cardiac-sparing  effect  of  HFJV. ""■'"-''  However,  no  defini- 
tive evidence  that  HFJV  improves  hemodynamic  tolerance 
over  CMV  has  been  found.  Both  animal  and  human  studies 
in  FIFV  and  CMV  have  shown  equivalent  decreases  in  venous 
return  and  elevation  in  right  ventricular  afterload  when  equiv- 
alent PawS  are  applied.'"" '"'  In  anesthetized  dogs.  Gotshall  et 
al'"**  observed  a  reduction  in  stroke  volume  and  arterial  and 
pulmonary  blood  pressures  when  the  frequency  of  HFJV 
approached  the  heart  rate. 

In  Summary 

HFV  is  a  safe  and  viable  mode  of  ventilation  that  effec- 
tively facilitates  CO;  elimination  and  supports  oxygenation. 
It  may  be  particularly  useful  in  providing  a  near-motionless 
field  during  endoscopy  and  certain  surgical  procedures.  Evi- 
dence for  its  potential  as  a  means  of  improving  oxygena- 
tion and  minimizing  ventilator-induced  dmnage  in  the  acutely 
lung-injured  patient  is  sparse.  However,  we  argue  that  any 
advantage  that  may  be  present  could  not  have  been  demon- 


strated given  the  strategies  employed  and  the  cluneal  end 
points  and  study  designs  of  the  larger  randomized,  prospec- 
tive trials. 

Our  understanding  of  the  variables  that  independently  con- 
tribute to  ventilator-induced  lung  damage  is  evolving.  Increas- 
ing evidence  supports  that  \  entilaling  patients  at  a  lung  vol- 
ume low  enough  to  allow  the  lung  to  collapse  is  as  deleterious 
as  using  excessively  large  lung  volumes  with  its  risk  of  overdis- 
tention.  The  best  clinical  strategy,  then,  involves  aggressive 
volume  recruitment  followed  by  the  use  of  one  of  several  ven- 
tilatory strategies  to  maintain  this  optimal  lung  volume.  Thus, 
tlie  primary  goal  is  a  physiologic  one  luid  many  different  modes 
of  mechanical  ventilation  are  able  to  achieve  it. 

HFV  may  decrease  the  risk  of  lung  injury  by  limiting  the 
magnitude  of  pressure/volume  excursions,  but  it  may  not  be 
uniquely  qualified  in  this  regard.  Rather,  it  may  be  argued 
that  HFV  is  one  of  several,  equally  viable  ventilatory  tech- 
niques able  to  protect  the  lung  from  iatrogenic  harm.  HFV 
should  not  be  discarded  because  it  has  failed  to  show  an  over- 
whelming advantage  over  other  modes  of  ventilation.  Instead, 
it  should  be  welcomed  as  an  addition  to  the  repertoire  of  venti- 
latory options  available  to  the  clinician  who  cares  for  patients 
with  respiratory  failiu'e  and  intractable  hypoxemia. 
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Slutsky  Discussion 

Kacmarek:  Evei7  lime  I  listen  to  some- 
body talk  about  high-frequency  ventila- 
tion. 1  get  confuse(J  again.  Theoretically, 
it  appears  to  me  that  this  should  be  the 
greatest  thing  that  is  out  there.  It  does 
everything  nght — we're  above  the  low 
inflection  point:  we"re  below  the  high 
inflection  piiint.  Yet.  whenever  I  look 
at  the  pediatric  literature  that  seems  to 
imply  that  high  frequency  is  better,'- I'm 
disappointed  because  the  protocols  used 
for  conventional  ventilation  don't  always 
follow  the  same  approach  to  maintain- 
ing high  lung  volume  and  minimizing 
a  peak  airway  pressure.  When  we  look 
at  the  adult  literature'-' and  examine  the 
approaches  that  were  used  in  the  con- 
xentional  arm  of  the  study  to  ventilate 
patients,  we  find  approaches  that  today 
are  considered  disastrous.  Yet.  tlie  results 
are  comparable — no  difference  between 
high-frequency  approaches  and  con- 
\enlional  approaches.  Is  there  rcalh  a 
role  for  high-frequency  veniilalion;  do 
you  believe  there  is  a  significant  dif- 
ference between  high-freeiuency  luid  con- 
ventional ventilation;  and  are  we  miss- 
ing the  boat  by  not  using  this  more  in  the 
adult  population^' 

1.  Clark  RH,  Gerstmann  l)K,  Null  DM, 
deLemos  RA,  Prospective  randomized 
comparison  of  high  frequency  oscillatory 
and  conventional  ventilation  in  respira- 
tory distress  syndrome.  Pediatrics  1992; 
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tive randomized  evaluation.  Chest  1983; 
84(5):551-559. 

4.  Maclntyre  NR.  Follett  JV,  Deitz  TL, 
Lawlor  BR,  Jet  ventilation  at  100  breaths 
per  minute  in  adult  respiratory  failure.  Am 
RevRespirDis  1986:134(5):897-901. 


Slutsky:  Bob.  you  have  asked  a  com- 
plicated question,  I  don't  think  we  are 
missing  the  boat  yet.  My  view  is  you 
have  to  have  data  in  the  literature  to  sup- 
port the  use  of  a  technique  in  patients. 
At  present,  I  don't  think  the  data  are  suf- 
ficiently strong  for  advocating  high-fre- 
quency ventilation  in  all  adult  patients. 
However.  1  concur  witli  you  in  tlie  sense 
llial  when  \  ou  look  at  the  putative  ads  ;ui- 
tages.  they  look  tremendous.  When  you 
look  at  the  animal  studies,  they  look 
tremendous.  I  ihink  the  problem  has 
been  that  when  this  technique  has  been 
applied — certainly  in  early  studies — 
investigators  didn't  re;ill\  understand  tlie 
basic  mechanisms  b\  v\  hich  a  mechan- 
ical \  entilator  caused  damage  to  tlic  king 
;ind.  hence,  didn't  understand  the  opti- 
ni;il  w a\  to  appK  high-frequency  \en- 
likition.  I  think  the  feeling  v.;ls  tlial  if  you 
used  smaller  tidal  volumes,  that  in  and 
of  itself  would  be  beneficial,  Ttiat's  noi 
really  the  issue.  Tlie  issue.  I  tliink.  relates 
not  so  much  to  the  dynamics  during 
high-frequcnc\  \  entilation  but  to  the  stat- 
ics. By  the  statics.  I  mean  where  are  >ou 
on  the  pressure-Milume  curve?  Have  you 


recruited  the  lung,  and  are  you  ensur- 
ing that  it  doesn't  derecruit?  That's  really 
what's  important.  That  approach  wasn't 
applied  in  most  studies.  The  second 
issue  is  that  conventional  ventilation  is 
continually  changing — we're  mini- 
mizing tidal  volumes  and  end-expira- 
tory pressures.  In  inany  ways,  we're 
using  a  strategy  siniilar  to  high-fre- 
quency ventilation.  Thus,  you  may 
obfuscate  any  difference  between  the 
two.  It's  like  trying  to  compare  a  low- 
tidal-volume  ventilation  strategy  with 
conventional  ventilation,  while  con- 
ventional ventilation  is  changing  all  the 
time  because  of  all  the  papers  on  lim- 
iting peak  pressures.  So,  there's  going 
to  be  overlap.  You  may  have  trouble 
finding  a  difference  between  the  two. 
That's  because  eveiything  is  changing. 

Kacmarek:  That  is  exactly  my  in- 
terpretation of  the  data.  When  I  hear 
somebody  present  this,  I  always  feel  bad 
that  we  never  use  it  clinically.  Do  you 
ever  use  high-frequency  ventilation? 

Slutsky:  We  do  use  it,  but  vei^  infre- 
quently— only  a  few  times  a  year.  We 
use  it  more  as  a  salvage,  quite  frankly. 
It's  just  because  to  do  this  right,  you 
have  to  .set  up  a  trial,  and  we're  doing 
other  trials.  Quite  frankly,  in  many  ways 
this  is  not  the  best  way  to  use  HFV.  The 
animal  e\  idence  clearly  indicates  that 
you  should  be  using  techniques  like  this 
or  applying  any  of  the  strategies  veiy 
early.  If  you  tr\  to  apply  the  strategy 
after  a  few  days  of  ventilation  during 
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which  you  injure  the  lung,  you"re  not 
going  to  find  much  ol  lui  effect.  You  just 
have  to  look  at  the  histology — it's  dra- 
matic. There  are  hyaline  membranes; 
there's  this  denudation  of  the  epithe- 
lium— pieces  of  tlie  epitlielium  lying  in 
the  aiiAvay.  It's  going  to  take  a  long  time 
for  that  to  heal.  So  if  you  really  want 
IQ pn'vfiit  the  injury,  you  don't  want  to 
wait  until  the  patient  has  lip-roiuing  king 
injury  and  say  "Well,  now's  the  time  to 
use  this  interesting  ventilatory  strategy." 
Whether  it  be  high-frequency  or 
whether  it  be  a  pressure-limited  strat- 
egy, I  think  you  want  to  apply  whatever 
strategy  you  choose  as  early  as  possi- 
ble to  prevent  injury. 

Branson:  One  of  the  things  we  alluded 
to  at  the  end  of  Bill's  (Peruzzi)  talk  was 
that  PEEP  seems  to  have  a  protective 
effect  against  lung  injury.  That's  some- 
thing 1  tried  to  get  Dave  Pierson  to 
admit  in  our  video  conference,  and  he 
never  would — I  think  because  of  his 
whole  idea  about  using  the  lowest  PEEP 
possible.  But  in  one  of  the  studies  that 
you  showed,  the  study  by  Hamilton  et 
al,'  when  they  were  using  CMV,  they 
were  using  no  PEEP.  Then  they  com- 
pare it  to  high  frequency,  which,  of 
course,  provides  PEEP  innately,  by  the 
way  it  functions.  We  shouldn't  lose 
sight  of  the  fact  that  when  you're  using 
high-frequency  ventilation,  you  really 
are  establishing  end-expiratory  lung  vol- 
ume and  ventilating  through  it,  which 
I  think  is  what  you  were  saying  at  the 
end.  This  whole  concept  of  early — I 
hate  to  say  aggressive — application  of 
PEEP  in  the  10-15  cm  range  seems  to 
be  a  key  in  preventing  ventilator- 
induced  lung  injury. 

I.  Hamilton  PP.  Oiiayemi  A.  Smyth  JA. 
Gillan  JE.  Ciitz  E,  Froese  AB.  Bryan  AC. 
Coinparison  of  conventional  and  higlilre- 
quency  ventilation:  oxygenation  and  lung 
pathology.  J  AppI  Physiol  1983;.'i.'i|  1 .  Part 
1):131-138. 

Slutsky:  Ceilainly,  the  major  difficulty 
is  that  it  is  very  difficult  to  perform  the 
appropriate  studies  in  humans.  However, 
there  is  one  study  by  Amato  and  col- 


leagues' from  Brazil  in  which  they  used 
a  strategy  of  limiting  high  pressures  but 
also  applied  sufficient  PEEP,  greater 
tliim  the  intlection  point.  Tliey  found  sig- 
nificant differences  in  a  number  of 
important  variables  but  not  in  mortal- 
ity. They'\e  continued  the  study,  and 
I  think  they're  up  to  about  50  or  60 
patients.  They've  now  showed  a  dif- 
ference in  mortality  between  the  con- 
ventional group  and  this  group  that  lim- 
its the  high  pressures  and  uses 
substantial  PEEP.  Whether  it's  the  high 
PEEP  that  is  important  or  whether  it's 
limiting  the  high  pressure,  we  don't 
know.  A  number  of  other  ongoing  stud- 
ies lue  compiuing  conventional  mechan- 
ical ventilation  to  a  strategy  in  which 
peak  pressures  are  minimized,  so  maybe 
we'll  be  able  to  sort  out  this  issue  to 
some  extent. 

1 .  Amalo  MBP,  Baiba.s  CSV,  Medeu'os  DM, 
Schettino  G  deP  P.  Filho  GL.  Kairalla  RA. 
et  al.  Benetlcial  et't'ccts  of  the  "open  lung 
approach"  with  low  distending  pressures 
in  acute  respiratory  distress  syndrome:  a 
prospective  randomi/ed  study  on  mech;m- 
ical  ventilation.  Am  J  Respir  Crit  Care 
Med  1995;152(6):1835-1846. 

Hess:  Could  you  say  a  few  words  about 
the  use  of  high-frequency  ventilatiiiii 
with  bronchopleural  fistula?  That's 
where  it's  still  discussed  sometimes  at 
the  bedside.  When  I'm  asked  if  we 
should  consider  using  high-frequency 
ventilation  for  someone  who  has  a  big 
air  leak,  I  go  through  my  anecdotal  expe- 
rience (where  it  really  hasn't  seemed  to 
work  very  well).  A  couple  of  papers  out 
there  tend  to  indicate  that  maybe  it 
doesn't  work  very  well. 

Slutsky:  I  ihink  ihe  answer  is  quite 
likely  summarized  in  your  question.  A 
couple  of  early  papers  suggested  that 
HFV  was  beneficial  in  patients  with 
bronchopulmonary  fistula:  a  couple  of 
recent  papers  suggested  that  there's  not 
much  use.  I  think  that  the  underlying 
rationale  is  interesting — at  low  fre- 
quencies, the  distribution  of  ventilation 
is  detennined  by  the  product  of  the  local 
resistance  and  compliance  (RC,  or  time 


constant) — with  bronchopulmonary- 
cutaneous  fistula,  the  compliance  is  that 
of  the  room.  Therefore,  much  of  the  vol- 
ume during  conventional  ventilation 
leaves  through  the  fistula.  At  high  fre- 
quencies, the  relevant  variable  is  the 
resistance  and,  thus,  theoretically  one 
can  redistribute  How — perhaps,  away 
from  the  fistula.  Having  said  all  of 
this — given  the  data  or  lack  thereof — 
I  think  that  it  is  reasonable  when  other 
options  are  unsuccessful. 

Hess:  One  of  the  things  that  I  always  get 
back  to  in  that  discussion — which  is  one 
of  the  points  that  you  made — is  that  if 
we  haven't  done  this  in  ihe  last  10  ye;us, 
and  this  patient  has  this  big  air  leak  and 
is  not  doing  well  otherwise,  is  this  the 
patient  in  whom  we  w ant  to  do  it  for  the 
first  time  in  10  years? 

Slutsky:  I  think  that's  a  very  important 
point.  Although  in  my  particular  hos- 
pital, we  use  HFV  infrequently,  we  have 
a  close  relationship  w  ilh  the  hospitals 
across  the  street,  so  that  among  us,  there 
is  sufficient  experience  to  feel  com- 
fortable with  it.  Possibly  the  most  impor- 
tant factor  in  applying  any  new  mode 
of  ventilation  is  the  staff's  familiarity 
with  it. 

Kacmarek:  I  just  wanted  to  follow- 
up  on  the  discussion  regarding  the  use 
of  PEEP  and  lung  injury.  My  question 
is.  If  all  that  you  say  is  tiiie  (and  I  agree 
with  the  data),  should  we  be  using  10 
cm  H2O  PEEP  on  every  patient?  We 
started  by  limiting  high  airway  pres- 
sure in  all  patients.  We  rarely  exceed 
35  cm  H2O  plateau  pressure.  We  ven- 
tilate most  patients  with  pressure  much 
lower  than  .\5  cm  HiO.  But  in  the  aver- 
age patient  we  rarely  set  PEEP  at  a 
level  equivalent  to  the  intlection  point 
unless  we  have  some  indication  that 
there  is  acute  lung  injury  and  we  need 
to  deal  with  oxygenation.  From  what 
you  said,  injury  occurs  rapidly  in  ani- 
mals if  the  PEEP  is  below  the  inflec- 
tion point.  When  we  ventilate  patients, 
should  we  be  using  much  higher  PF't^P 
than  is  customarily  used  in  the-  aver- 
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age  patient  without  acute  lung  injury, 
to  minimize  the  risk  of  ventilator- 
induced  injury? 

Slutsky:  That's  a  very  good  question. 
Bob.  Unfortunately  I  cannot  give  you 
a  definitive  answer.  First  of  all.  given 
the  animal  literature,  it's  a  tenable  hy- 
pothesis that  should  be  tested.  However, 
I  don't  think  it  should  be  used  on  all 
patients.  1  lliink  people  who  are  at  high 
risk  for  developing  acute  lung  injury 
(ALI)  or  certainly  have  ALI,  it  proba- 
bly would  make  sen.se  to  use  a  reason- 
able PEEP  early  on.  Unfortunately,  the 
only  human  data  using  PEEPs  that  high 
in  a  good  study  are  the  data  of  Amato 
that  I  quoted  earlier.  However,  this  was 
only  one  study,  and  they  also  limited 
peak  pressures,  so  it's  uncertain  which 
piirticular  components  of  the  ventilatory 
strategy  were  critical. 

Maclntyre:  Bob.  we  have  been  look- 
ing at  this  carefully  in  devising  the  ven- 
tilator strategy  for  the  NIH  ARDS  net- 
work trial.  You  imply  that  inflection 
points  are  always  going  to  be  up  in  the 
10-15  cm  HiO  or  more  range.  In  fact, 
I  think  there's  quite  a  range  of  inflec- 
tion points.  In  the  study  by  Laurent 
Brochard  and  his  group  (unfortunately, 
he  isn't  here  yet),'  the  average,  I  think, 
was  10  cm  H:0  but  2  standard  devia- 
tions was  about  6.  so  it  ranged  iinyvi  here 
from  about  4  up  to  about  16.  So.  I'm  not 
so  sure  that  current  practice  is  grossly 
out  of  the  intlection-point  range.  We 
may  actually  be  doing  it  already,  to  a  cer- 
tain extent,  in  most  patients.  1  guess  my 
question,  then,  goes  back  to  Bill's 
(Peru/,/.i)  stuff  and  what  I'm  going  to 
talk  about  this  afternoon.  Is  gas 
exchange,  as  Bill  suggested,  a  reason- 
able surrogate  marker,  if  you  will,  for 
being  at  an  appropriate  place  in  the  pres- 
sure-volume cur\e.  or  do  sve  have  to 
make  these  measurements? 


1.  Roupie  E.  Dambrosio  M.  Scrvillo  G. 
Mentec  H.  El  .^trous  S.  Beydon  1.,  el  al. 
Titration  of  tidal  volume  and  induced 
hypercapnia  in  acute  respirator^'  distress 


syndrome.  Am  J  Respir  Crit  Care  Med 
1995;152(1):121-128. 

Slutsky:  First  of  all  there  ;ire  no  answers, 
obviously,  or  else  your  group  would 
have  come  up  with  an  answer.  So,  there 
aren't  sufficient  data  in  the  literature  to 
guide  us  on  this  issue.  The  range  of 
inflection  points  varies,  and  in  that 
Amato  paper  the  inflection  point  ranged 
from  6-20  cm  H;0  for  their  28  patients. 
So,  it's  quite  large.  Bob's  (Kacmarek) 
question  was  a  practical  one.  Clearly, 
if  you  can  measure  mechanics  in  even,- 
body,  that's  what  you  probably  should 
do.  I'm  not  sure  that's  practical  in  every 
day  practice.  The  use  of  oxygenation  as 
a  surrogate  makes  sense  physiologically, 
but  at  present  there  is  a  paucity  of  human 
data  to  rely  on. 

Maclntyre:  You  made  the  comment 
that  if  you  can  inflate  the  lung,  to  say 
20-25  cm  HiO.  which  would  be  equiv- 
alent to  a  normal  TLC,  that,  in  fact,  the 
inllection  point  you're  wonied  about  on 
the  deflation  limb  is  actually  going  to 
be  considerably  less.  So,  in  fact,  aim- 
ing for  Brochard's  average'  of  10  or 
Amato' s  10  to  1 2-  may  be  too  high.  Per- 
haps mov  ing  back  down  closer  to  5  or 
7  or  8.  which  is  kind  of  standard  prac- 
tice, may  be  doing  OK. 

1.  Roupie  E,  Dambrosio  M.  Servillo  Ci, 
Mentec  H.  El  Atrous  S.  Beydon  L.  el  al. 
Titration  of  tidal  volume  and  induced 
hypercapnia  in  acute  respiratory  distress 
syndrome.  Am  J  Respir  Crit  Care  Med 
1995:152(1):121-128. 

2.  Amato  MBP.  Biirbas  CSV.  Medeiros  DM. 
Schettnio  Ci  deP  P,  1-ilho  GL,  Kairalla  RA. 
el  al.  Beneficial  effects  of  the  "open  lung 
approach"  with  low  distending  pressures 
in  acute  respiratory  distress  syndrome:  a 
prospective  randomized  study  on  mech;m- 
ical  ventilation,  .^m  J  Respir  Crit  Care 
Med  199.s;l.S2(61:l8.'<.S-lS46. 


Slutsky:  Let  me  answer  the  two  parts 
of  your  questions  from  before,  as  well. 
One  relates  to  oxygenation,  and  I  want 
to  hiing  up  another  point  in  terms  of  the 
timing.  I  think,  in  temis  of  oxygenation. 


it  probably  is  a  reasonable  approach. 
I'm  not  sure  exactly  how  to  do  it.  Alli- 
son Froese  and  her  group  have  done 
some  studies  in  humans.'  She  uses 
oxygenation  as  a  surrogate  for  keeping 
the  lung  open.  That's  a  reasonable 
approach.  One  approach  I've  been 
thinking  about  is  to  inflate  the  lung,  go 
to  TLC,  come  down  on  the  deflation 
limb — pick  a  number:  12,  10  cm  H^O 
and  monitor  oxygenation  over  a  little 
period  of  time.  When  oxygenation  is 
stable,  drop  the  PEEP  a  little  bit,  and 
repeat  the  oxygenation  measurements. 
When  the  oxygenation  goes  off,  you 
may  be  at  the  inflection  point  on  the 
deflation  limb.  Really,  it  pnibahly  tells 
you  the  same  thing  as  the  pulmonary 
mechanics — the  lung  is  open  and  you 
get  belter  oxygenation.  That  brings  up 
the  .second  point,  that  one  reason  the.se 
approaches  of  high  PEEP  are  exu-emely 
successful  in  animal  studies  is  because 
you  really  have  acute  lung  injury.  You 
produce  the  injuries,  and  you're  right 
there  at  that  instant  in  time  to  use  what- 
ever ventilatory  strategy  you've  decided 
on.  As  you  know,  there  are  a  few 
phases  to  ARDS,  and  it's  probably  in 
that  first  couple  of  days  where  there  is 
an    inflection    point    and    there    is 
recruitablc  lung.  If  you  look  later  on, 
the  amount  of  lung  that's  recmitablc  has 
decreased.  Probably,  using  high  PEEP 
and  other  recruitment  strategies  are  not 
going  to  help  at  all  and  may  be  detri- 
mental. So,  timing  is  important — where 
you  arc  in  the  phase  of  your  ARDS.  In 
other  words,  if  you  get  a  patient  from 
another  hospital  who  has  been  on  low 
PEEPs  for  >  96  hours  and  is  doing 
poorly,  I  think  you  should  treat  that 
patient  very  differently  from  someone 
v\  hi)  has  sustained  trauma  and  comes 
to  you  soon  after  the  injury.  There's 
nothing  to  recruit  if  there's  only  fibrotic 
lung — using  recruitment  strategies  on 
a  fibrotic  lung  may  be  detrimental. 

1.  Froese  AB.  Butler  PO,  Fletcher  WA, 
Byford  U.  High-frequency  oscillatory 
\entilation  in  premature  infants  with  res- 
piratory failure:  a  preliminary  report. 
AnesthAnalg  1987;66(9):X14-S24. 
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Introduction 

Patients  with  abnormal  pulmonary  gas  exchange  and  altered 
respiratory  mechanics  often  require  medical  intervention  to 
improve  the  efficiency  of  breathing.  Treatment  usually  con- 
sists of  a  combination  of  mechanical  (eg,  incentive  spirom- 
etry, positive  pressure  breatliing).  positional  (eg,  prone  vs  supine, 
postural  drainage),  and  pharmacologic  (eg,  oxygen,  bron- 
chodilator,  steroid,  antibiotic)  therapies.  One  of  the  most  recently 
available  pharmacologic  agents  is  exogenous  surfactant. 


Mr  Haas  is  Education  Coordinator,  Department  of  Critical  Care  Support 
Services — Dr  Weg  is  Professor.  Pulmonary  &  Critical  Care  Medicine, 
Department  of  Internal  Medicine  and  Medical  Director,  Department  of 
Critical  Care  Support  Services — University  of  Michigan  Hospitals,  Ann 
Arbor,  Michigan. 

Correspondence:  Carl  Haas,  University  of  Michigan  Hospitals.  Depart- 
ment of  Critical  Care  Support  Services,  UH  B1H245.  1,500  E  Medical 
CenterDrive,  Ann  Arbor  MI48 109-0024. 

The  authors  have  no  financial  interest  in  the  products  mentioned  in  this 
paper  or  in  competing  products. 


In  this  paper,  we  review  how  the  nomial,  endogenous  sur- 
factant system  functions,  how  surfactant  is  involved  in  the  res- 
piratory distress  syndrome  (RDS)  of  tlie  neonate  and  the  acute 
respiratory  distress  syndrome  (ARDS)  of  the  adult,  and  the 
role  of  exogenous  surfactant  as  therapy  for  these  two  syndromes. 

Review  of  the  Normal  Surfactant  System 

The  adult  human  lung  is  composed  of  approximately  300 
million  alveoli.  The  tendency  of  alveoli  to  collapse  is  great- 
est at  end-expiration  when  its  size  is  smallest.  However,  nor- 
mal alveoli  do  not  collapse  primarily  because  of  two  factors: 
( 1 )  the  sUTJCtuial  interdependence  of  adjacent  alveoli  that  tends 
to  tether  collapsing  or  collapsed  alveoli  and  (2)  the  surface- 
tension-reducing  substance  that  lines  the  alveoli  and  bron- 
chioles— surfactant. ' 

Function 

Pulmonary  surfactant  is  a  coinplex  surface-active  substance 
produced  in  the  type-ll  pneumocytes  that  comprise  the  alve- 
olar surface.  This  substance  fomis  a  monolayer — a  film  with 
the  thickness  of  only  one  molecule — on  the  alveolar  siiiface 
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and  ihe  narrow,  conduclint!  airways.-  Surfactant  acts  to  var\' 
the  surlace  tension  at  the  air-liquid  interlace  of  lung  units, 
increasing  the  surface  tension  during  lung  inflation  and 
decreasing  it  during  detlation.  The  Law  of  Laplace  demon- 
strates this  principle. 

P  =  2  -  therefore.  r=P  '-  : 
r  - 

where  P  is  the  pressure  inside  the  aKcolus,  7' is  the  alve- 
olar wall  surface  tension,  and  r  is  the  alveolar  radius. 

If  surface  tension  were  constant  and  did  not  \ary  during 
the  respiratoiy  cycle,  small  aKeoli  v\'ould  empty  into  kuge  alve- 
oli because  the  pressure  is  greater  in  the  small  al\  eoli  than  in 
the  large  ones,  and  gas  molecules  seek  pressure  equilibrium.'-'"' 

Surface  tension  is  responsible  for  the  hysteresis  seen  on 
the  pressure-\  Illume  curve  of  lung  inllation.' ''  Figure  I  shows 
that  when  the  lung  is  inllated  with  saline,  the  hysteresis,  or 
the  aiea  circumscribed  by  the  inspiratoiy  and  expiratory  limbs 
of  the  pressure-volume  curve,  is  minimal.  This  occurs  because 
a  liquid-liquid  interface  exists  at  the  alveolar  le\  el.  miniinizing 
surface  tension.  In  this  setting,  the  hysteresis  of  the  pressure- 
volume  cur\e  is  primarily  due  to  lung-tissue  recoil.  When  the 
lung  is  inllaled  with  air,  a  substantial  amount  of  pressure  is 
required  to  i)\ercome  surface  tension  at  the  air-liquid  inter- 
face belore  lung  units  open  and  \olume  is  delisered.  This  pres- 
sure-volume curve  represents  the  elastic  components  of  both 
the  lung-tissue  and  the  surface-tension  forces.  The  slope  of 
the  pressure-volume  cuiac  or  the  change  in  volume  with  each 
unit  pressure  change  defines  compliance.  Pulmonaiy  surfactant 
decreases  aheolar  surface  tensiim  and  improves  compliance 
and  lunclional  residual  capacuy  (FRC),  thereby  reducing  the 
work  of  breathing  and  impro\  ing  gas  exchange. 


Saline 


200 1- 


150  - 


i   100 
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Fig  1 .  Volume-pressure  curves  of  excised  cat  lungs  inflated  witfi 
eittier  saline  or  air.  The  curve  represented  with  the  solid  line  shows 
the  relative  absence  of  hysteresis  during  saline  inflation,  compared 
to  air  inflation  (dashed  line).  (From  Reference  5.  with  permission) 


Composition 

Pulmonary  surfactant  is  composed  primarily  of  phos- 
pholipids, neutral  lipids,  and  surfactant-specific  proteins  (also 
called  apoproteins)  (Table  1 ).  The  composition  of  pulmoniiry 
surfactant  is  similar  lunong  many  mammalian  species.-*  Phos- 
pholipids comprise  80-90%  of  the  surfactant  by  weight,  neu- 
tral lipids  about  2-10%,  and  proteins  5-10%. "'' 

Table  I .      CDiiiposilion  of  Human  Pulmonary  Surfactanl 


Component 

Pf  Total 

'7c  PL 

9c  PC 

Phospholipids  (PL) 

80-90 

Pluisphatidylcholinc(PC) 

80 

Dipalniiloylphosphaliih  Icholine 

50 

Unsaturated  PC 

20 

Phosphatidylglyeerol 

10 

Phosphatidylethanolamine 

3-5 

Phosphatidylserine 

2-.3 

Phosphatidylinositol 

.^-4 

.Sphingomyelin 

\-} 

Proteins  (SPA.  SP-B.  SP-C.  SP-D) 

5-10 

Neutral  lipids 

2-10 

(Cholesterol,  triglyceride,  free  fatty  acids  1 

Phosphatidylcholine  (PC)  comprises  approximately  80% 
of  the  phospholipid,  and  the  disaturated  PC.  dipalmi- 
toylphosphatidylcholine  (DPPC).  is  the  largest  PC  compo- 
nent. DPPC  is  the  principle  surface-active  phospholipid.  Phos- 
phatidylglyeerol (PC)  is  the  second  most  abundant  and 
important  phospholipid,  and  is  approximately  10%  ol  the  phos- 
pholipid component.  The  neutral  lipids  include  cholesterol, 
triglyceride,  and  free  fatty  acids. 

Three  proteins  specific  to  pulmoniu-y  surfactant  appear  to 
be  important  to  the  effectiveness  of  surfactant."  "  The  first 
surfactant  protein,  SP-A,  is  a  large  (molecular  weight  26-36 
kD,  depending  on  degree  of  reduction),  hydrophilic,  col- 
lagenous protein'-  ;ind  comprises  .^0-40%  of  the  total  surt'actant- 
associated  protein.'"'  It  is  involved  with  suifactant  secretion 
and  recycling,  and  may  also  enhance  adsorption,  a  charac- 
teristic of  surfactant.'-*  SP-A  also  contributes  to  tubular  myelin 
formation  in  the  aheolus  and  counteracts  the  inhibition  of  sur- 
factant by  albumin  and  fibrin.'-'^  SP-B  and  SP-C  are  small 
(molecular  weight  8  and  5  kD  in  their  reduced  state),  non- 
collagenous.  highly  hydrophobic  proteins.  They  dissolve  in 
organic  solvents  and  account  for  1-2%  of  the  surfactant 
weight."  Both  proteins  facilitate  the  adsorption  and  spread- 
ing of  phospholipids  to  fomi  the  surface-active  monolayer." 
.Mihough  apparently  not  essential  for  surfactant  function.  SP- 
A.  in  the  presence  of  calcium,  acts  synergistically  with  SP- 
B  to  increase  lipid  adsoiption  and  to  decrease  surface  tension. 
Another  large  (45  kD).  collagenous  surfactant  protein.  SP- 
D.  has  recendy  been  described."'  Its  function  has  yet  to  be  delin- 
eated. However,  it  is  possible  that  SP-D,  along  with  SF-A, 
ma\  pla\  a  ro\c  in  the  host-defense  mechanisms  of  the  hing. 
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Metabolism 

Surfactant  is  synthesized  in  the  endoplasmic  reticulum  of 
type-II  cells  and  transferred  b\'  the  Golgi  apparatus  to  prekunel- 
lar  bodies  where  it  matures  and  is  packaged  as  lamellar  bod- 
ies (Fig.  2).'^""  The  tighdy  packed  lameUar  bodies  are  secreted 
into  the  alveolus  where  they  unravel  to  form  tubular  myelin 
(TM)  structures.  Acting  as  a  reservoir  for  surfactant  molecules. 
TM  is  a  loose  lattice  of  phospholipids  and  surfactant  proteins 
that  easily  adsorb  ;ind  spread  to  fomi  the  surface-active  mono- 
layer at  the  air-liquid  interface.  Respirator,'  movements  expand 
or  stretch  the  monolayer  during  inspiration  and  compress  it 
during  expiration.  During  inspiration  to  total  lung  capacity 
(TLC),  the  TM  adsorbs  to  patches  of  the  stretched  and  now 
relatively  bare  alveolar  surface  that  are  then  co%ered  by  the 
rapid  spreading  of  new  surfactant.-"  When  compressed  dur- 
ing expiration  to  FRC,  the  unsaturated  phospholipids  and  pro- 
teins are  'squeezed  out"  of  the  film,  leaving  a  relatively  pure 
concentration  of  DPPC  that  is  capable  of  lowering  surface  ten- 
sion."-" Thus,  the  surface  film  is  dynamic — it  is  continually 
recycled  and  is  likely  modulated  to  a  large  degree  by  the  res- 
piratory cycle.'**  In  addition  to  the  normal  respiratory  cycle. 
hyperventilation.  /3-adrenergic  agents,  and  cholinergic  agents 
can  stimulate  pulmonary  surfactant  secretion.*'"-' 
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Fig  2.  Cellular  synthesis,  excretion,  and  reuptake  of  pulmonary 
surfactant.  MVB  =  multivesicular  bodies  (Modified  from  Reference 
12,  witti  permission) 


Under  normal  conditions,  surfactant  is  secreted  at  a  fairly 
rapid  rate,  estimated  to  be  11-40%  of  the  alveolar  lipid 
pool/hour.'''  To  maintain  a  consistent  pool  size,  surfactant 
is  removed  from  the  al\  eolar  airspace  via  the  processes  of 
recycling  and  degradation.  Of  the  surfactant  secreted,  90-95% 
is  recycled.  Most  of  the  surfactant  components  squeezed  out 
of  the  monolayer  during  compression  enter  the  hypophase. 
tlie  water  layer  below  the  surfactant  film,  and  re-enter  the  type- 


II  cell  where  they  are  either  incorporated  into  the  lamellar 
bodies  and  resecreted  (recycled)  or  catabolized.  Surfactant 
that  is  not  recycled  is  catabolized  by  the  type-II  cells  (70%) 
or  macrophages  (30%).  Normally,  about  50%  of  the  PC  is 
degraded  within  2  hours.'"  Ver\'  little  of  the  surfactant  is  lost 
via  the  lung  lymphatics  and  no  more  than  2-5%  is  lost  via 
the  airways.'** 

Pulmonary  Surfactant  &  Respiratory  Failure 

In  1959,  Avery  and  Mead--  observed  that  the  surface-active 
substance  present  in  the  lungs  of  adults,  children,  and  new- 
boms  larger  than  1 . 1 00- 1 .2(X)  g  was  deficient  in  the  lung  extracts 
of  9  premature  infants  who  had  died  of  hyaline  membrane  dis- 
ease. This  observation  was  an  iinportant  stimulus  for  the  study 
of  pulmonary  surfactant.''  Subsequent  research  demonstrated 
that  the  most  common  cause  of  RDS  is  premature  birth — ie, 
birth  before  the  pulmonary  surfactant  system  is  fully  devel- 
oped. Surfactant  begins  fonning  at  about  4-months  gestation, 
but  is  not  fully  functional  until  at  least  the  se\enth  month.' 

Although  described  in  pieces  and  known  by  a  variety  of 
names  throughout  several  decades,  Ashbaugh  and  associates-' 
in  1967  provided  tlie  first  description  of  what  came  to  be  called 
the  acute  respiratory  distress  syndrome  (ARDS)  of  the  adult.-^ 
They  reported  that  the  minimum  surface  tension  of  minced 
lung  surfactant  from  two  deceased  patients  with  ARDS  was 
>20  dyn/cm.  Normal  surface  tension  is  <10  dyn/cm.  These 
investigators  suggested  that  surfactant  dysfunction  was  respon- 
sible for  the  pattern  of  pulmonary  pathophysiology  common 
to  tlie  multi-etiologic  lung  injuries  seen  in  patients  with  ARDS. 

The  pathophysiology  common  to  both  RDS  and  ARDS 
includes  atelectasis,  reduced  compliance  and  FRC.  and  intra- 
pulmonary  shunting  with  hypoxemia — all  associated  with 
abnonnal  pulmonary  surfactant.  Surfactant  deficiency  has  been 
identified  as  the  primaiy  cause  of  RDS.  but  it  is  much  harder 
to  establish  such  a  relationship  in  ARDS  because  of  the  mul- 
titude of  inflammatory  mediators  involved  and  because  of  its 
varied  etiology.  Although  the  etiologies  of  ARDS  are  many, 
the  disease  progresses  along  two  basic  pathways  (Fig.  3) — 
injury  to  the  alveolar  epithelium  via  the  airways  (eg.  smoke, 
infection,  aspiration,  hyperoxia)  or  injury  of  the  alveolar 
endothelium  via  the  blood  (eg,  sepsis,  drugs,  shock,  bums). 
Regardless  of  the  pathway,  the  result  is  an  inflammatory 
response  with  cellular  and  humoral  components  and.  ultimately, 
cell  injury  and  surfactant  impaimient.  Several  recent  reviews 
offer  a  detailed  discussion  of  ARDS.~ -'  Four  possible  mech- 
anisms responsible  for  abnonnal  surfactant  function  in  ARDS 
have  been  described:  (1)  pool  size,  (2)  composition,  (3) 
metabolism,  and  (4)  functionality  (inactivation ).'-■-'*■-'' 

From  the  results  of  lung  lavage  procedures,  it  has  been  esti- 
mated that  adult  animals  (rabbits,  sheep,  monkeys)  have  an 
alveolar  surfactant  pool  size  of  10-15  mg  lipid/kg  body 
weight:"*  the  only  calculated  measurement  for  humans.  ^  mg 
lipid/kg,  is  thought  to  be  a  low  estimate. '-  Accurate  measure- 
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Fig.  3.  Possible  pathogenesis  of  ARDS  as  stnown  from  tfie  per- 
spectives of  bottn  airborne  and  bloocJ-borne  injury. 


mcnts  in  patients  are  hard  to  obtain  because  the  sample  con- 
sists of  a  relatively  small  amount  ol'bronchoalxeolar  lavage 
(BAD  fluid  recovered  from  an  isolated  lung  region  using  a 
technique  that  is  not  standardized.'-  As  a  result,  pool  size  has 
been  expressed  as:  ( 1 )  a  percentage  of  various  surfactant  com- 
ponents of  the  total  phospholipid  recovered,  (2)  the  phos- 
phatidylcholine (lecithin)  to  sphingomyelin  ratio  (L/S).  or  (3) 
the  ratio  of  large  to  small  alvet)lar  surfactant  aggregates. 

Three  human  studies  present  contlicting  data  regarding 
pool  size.  Hallman  and  colleagues'"  observed  a  small,  non- 
significant difference  in  the  phospholipid  concentration  of 
B  AL  specimens  from  36  patients  with  ARDS/respiratory  fail- 
ure and  12  patients  with  healthy  lungs.  Pison  and  colleagues" 
did  not  observe  a  significant  change  in  phospholipid  con- 
centrations in  their  BAL  samples  from  17  patients  with  mul- 
tiple trauma  and  10  patients  with  healthy  lungs.  Their  find- 
ings contrast  with  those  of  Gregory  and  colleagues'-  who 
documented  a  decrease  in  BAL  phospholipids  in  their  pop- 
ulation of  20  patients  at  risk  to  develop  ARDS  and  66  patients 
with  ARDS.  compared  to  29  patients  without  lung  disease. 
Although  these  studies  do  not  conclusively  demonstrate  a 
change  in  pool  size  with  lung  injui-y.  it  has  been  speculated'--** 
that  pool  size  may  be  determined  by  the  type  and  severity 
ot  lung  insult — that  acute,  severe  injury  of  type-ll  cells  may 
decrease  the  surfactant  pool  and  that  chronic  injuries,  result- 
ing in  a  hypeiplasiic  t\pe-Il-cell  response,  may  increase  the 
size  of  the  phospholipid  pool.'--'' 

Although  the  size  of  the  phospholipid  pool  has  not  defini- 
tively been  shown  to  change,  studies  ha\  e  documented  sig- 
nificant changes  in  the  composition  of  pulmonary  surfactant 
following  lung  injury.  Table  2  shows  the  relative  changes  in 
phospholipid  composition  in  the  three  studies  cited  in  the  pre- 
vious paragraph.-'"""  The  relative  amounts  of  phosphatidyl- 
choline (PC)  ami  phosphatidylglycerol  (PG)  ;ire  decreased  and 
those  of  phiisphalidy  linositol  (PI),  phosphatidylethanolamine 
(PE).  and  sphingomyelin  are  increased  following  lung  injury. 
Similar  findin'js  have  been  seen  in  adult  rabbits  due  to  lung 


Table  2.      Cfiunjie  in  Hum.in  Phospholipid  Composition  Related  to  the  Acute  Respiratory  Distress  .Syndrome  (ARDS)  Expressed  as  a  Percentage  of 
Total  Phospholipid. 


Hallman'" 

Pison" 

Greaorv'- 

Lipid 

Norinal 

ARDS 

Normal 

High  ARDS 

Low  ARDS 

Normal 

.^t-risk 

ARDS 

Component 

(n=12) 

(n  =  36) 

(n=  10) 

Score  (n  =10) 

Score  (n  =  7) 

(n  =  29) 

(n  =  20) 

(n  =  66) 

PC 

7.\0 

50.(1 

62.8 

.56.3 

48.1 

76.3 

73.3 

62.6 

I'C. 

12.4 

(1..^ 

10.0 

1.6 

1.9 

11.6 

7.3 

6.5 

PI 

r? 

3.1 

8.3 

13.5 

13.9 

3.9 

4.7 

6.9 

PH 

2.6 

4.3 

4.8 

13.6 

18.7 

3.3 

4.9 

5.9 

PS 

^.^ 

13.0 

4.5 

ND 

ND 

1.8 

3.8 

2.8 

Spli 

iJ 

17.5 
glycerol;  PI 

7.4                 12.3                  14.2 
=  phosphatidylinosilol;  PE  =  phosphalidylelhanolanimc;  PS  = 

1.5 
-  phosphatidyl 

1.6 
>enne;  Sph  =  sphi 

5.5 

PC  =  pfiosphal 

dylcholine 

PG  =  phosphatidyl 

ngomyelin.  ND  = 

no  data. 
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injury  induced  by  oleic  acid,''  N-nitroso-N-methylurethane 
(NNNMU),'-*  and  vagotomy.'' 

In  addition  to  changes  in  tlie  phospliolipid  composition, 
the  level  of  surfactant  apoproteins  also  changes  during  ARDS. 
Gregory  and  colleagues'-  demonstrated  that  ARDS  patients 
have  reduced  SP-A  ;ind  SP-B.  and  that  patents  at  risk  for  ARDS 
ha\'e  a  reduced  SP-A  compared  to  subjects  with  health\-  lungs 
(Table  3).  Surface  tension  increases  as  the  surfactant  protein 
level  decreases.  Pison  and  colleagues"*  demonstrated  reduced 
SP-A  (SP-B  was  not  measured)  in  the  BAL  fluid  of  19  patients 
with  multiple  u-auma.  SP-A  concenu-ation  decreased  early  fol- 
lowing trauma  and  decreased  in  proportion  to  the  severity  of 
lung  injur)' — in  severe  injur)'  SP-A  dropped  to  approximately 
1 .0  jUg/mL  and  rose  only  to  about  1 .4  //g/niL  by  Day  1 8  (con- 
trol, 2.74  /ig/mL)  whereas  moderate  lung  injury  initially 
dropped  to  approximately  1 .6  /ig/mL.  rose  to  4. 1  ^ug/mL  dur- 
ing the  intermediate  stage  (3-6  days),  and  then  decreased  to 
2.45  //g/mL  during  the  late  phase  (7-18  days). 

Table  3.      Mean  (SD)  Concentration  and  Surface  Tension  of  Surfactant- 
Associated  Proteins  in  Bronchoalveolar  Lavage  of  Patients 
with  Acute  Respiratory  Distress  Syndrome  (ARDS)'- 


Surfactanl- Associated 
Proteins  (/Jg/mL) 


Surface  Tension 
(dvn/cm) 


SP-A 


SP-B 


Minimum 


Maximum 


Normal  123.6  (20.7) 
At-Risk  49.3(21.7) 
ARDS  8.5    (6.2) 


1.28(0.33)  7.44  (I.6I1        35.76  (1.97) 

0.89(0.54)         15.10(2.53)        44.56(2.74) 
0.57(0.24)        29.04(2.05)       53.03(1.77) 


The  changes  in  the  size  and  composition  of  the  surfactant 
pool  may  be  related  to  altered  metabolic  function  of  the  alve- 
olar type-ll  cells  due  to  acute  lung  injury.'- '""  In  addition  to 
the  change  of  metabolism  of  the  type-II  cells,  changes  in  the 
intra-alveolar  metabolism  of  surfactant — the  breakdown  of 
suifactant  within  the  alveolus — are  also  apparent.  Surfactant 
exists  within  the  alveolus  in  various  aggregate  fonns  that  dif- 
fer in  size,  density,  composition,  and  function.  Large  or  heavy 
aggregates  are  rich  with  tubular  myelin  and  have  good  sur- 
face-tension-lowering capabilities.  The  large  aggregates  are 
metabolically  converted  within  the  alveolar  space  to  smaller, 
lighter  aggregate  forms  that  are  less  surface  active.'"''''  Nor- 
mally the  ratio  of  small-aggregate  (SA)  to  kirge-aggregate  (LA) 
forms  is  approximately  1:1.  but  with  lung  injury  the  small 
aggregate  increases  and  the  large  aggregate  declines.  Lewis 
and  colleagues'-*  demonstrated  with  NNNMU-induced  lung 
injury  in  rabbits  that  SA;LA  increased  by  5-fold  by  the  fourth 
day  after  the  injury.  Tliis  conversion  was  inhibited  by  the  addi- 
tion of  >3'7f  SP-A  to  the  large-aggicgale  sample.  The  com- 
position of  the  aggregates  also  changed  with  lung  injury — 
the  small  aggregate  had  reduced  PG  and  increased  PI  and 
sphingomyelin.  The  large-aggregate  form  had  much  better 
surface-tension-lowering  capabilities  compared  to  the  small- 


aggregate  fomi.  Tliis  observation  was  confinned  by  Veldhuizen 
and  colleagues'^  and  by  Higuchi  et  al."'  It  has  been  speculated 
that  "...the  forms  of  surfactant  within  the  alveolus  may  be 
a  far  more  important  variable  in  lung  injuiy  than  the  total  size 
of  the  surfactant  pool."'- 

The  fourth  and  probably  one  of  the  most  important  fac- 
tors leading  to  abnormal  surfactant  function  in  lung  injury  is 
surfactant  inactivation  (Fig.  3).  One  of  tlie  earliest  pathogenic 
events  of  ARDS  is  damage  to  the  alveolocapillary  membrane 
and  subsequent  leakage  of  plasma  proteins,  cell-membrane 
lipids,  and  hemoglobin  into  the  alveolar  space.'"  The  protein 
molecules  interfere  with  the  formation  of  the  surface-active 
monolayer  by  competing  with  the  surfactant  molecules  for 
positions  on  the  alveolar  surface.  Kobayashi  and  colleagues* 
demonstrated  that  the  surface-tension-lowering  capability  of 
surfactant  and  various  levels  of  edema  fluid  obtained  from 
rabbits  with  hyperoxic  lung  damage  were  inversely  propor- 
tional to  the  ratio  of  protein  to  lipid  (P/L);  therefore,  as  edema 
fluid  and  P/L  increase,  the  minimum  suiface  tension  increases. 

Degraded  fibrin  products  and  fibrinogen  ha\  e  more  poten- 
tial to  inhibit  surfactant  than  does  albumin.  Studies  suggest 
that  phospholipids,  and  possibly  SP-B  and  SP-C,  are  incor- 
porated into  or  bound  to  fibrin  strands  and  hyaline  mem- 
branes, thereby  reducing  functional  surface-tension-reduc- 
ing activity.-*^  The  specific  serum  protein,  the  concentration 
of  the  protein  relative  to  the  concentration  of  endogenous 
surfactant,  and  the  presence  of  other  potential  inhibitors  are 
determinants  of  surfactant  inactivation.'-"  Recent  evidence 
suggests  that  SP-A  protects  surfactant  against  the  inhibitory 
effects  of  plasma  in  vivo."  The  effects  of  inactivation  can 
be  overcome  by  increasing  the  size  of  the  surfactant  pool 
with  exogenous  surfactant. '"'"*"•"" 

Pulmonary  surfactant  may  also  have  a  role  in  the  lung's 
host-defense  and  immune  responses  and,  therefore,  may  play 
an  important  role  in  ARDS.''  Altliough  surfactant  isolated  from 
normal  lungs  increases  the  movement  and  phagocytic  activ- 
ity of  alveolar  macrophages,  the  relationship  between 
macrophage  activity  and  ARDS  is  unclear.  Surfactant  also 
acts  as  a  lubricant  to  protect  the  airways  and  promote  mucocil- 
iary transport.-*-  At  end-expiration,  lung  volume  is  reduced 
and  the  surface  film  moves  from  the  alveoli  to  the  bronchi- 
oles where  damaged  cells  and  particulate  matter  can  be  removed 
by  the  mucociliary  escalator. 

Exogenous  Surfactant  Therapy 

Preparations 

There  are  two  broad  types  of  exogenous  surfactants — syn- 
thetic and  natural.  Synthetic  surfactants  made  in  the  labo- 
ratory contain  DPPC  and  various  adsorbing  and  spreading 
agents.  Natural  surfactants  come  from  lungs  of  humans  or 
mammalian  animals.  Human  suifactant  is  taken  from  amm- 
otic  fluid.  Animal  surfactant  is  extracted  from  eitliei  alve- 
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olar  lavage  fluid  or  minced  lung  extract,  usually  from  cows 
or  pigs.  A  purported  advantage  of  tlie  natural  surfactants  is 
that  they  contain  apoproteins — both  human  and  animal  extracts 
contain  SP-B  and  SP-C.  whereas  the  human  surfactant  also 
contains  SP-A.  Table  4  reviews  the  various  exogenous  sur- 
factants that  have  been  used,  albeit  primarily  in  neonates. 

Two  synthetic  surfactiuits  have  been  evaluated  in  large  clin- 
ical trials  (ALEC  and  Exosurf)  ;uid  a  third  is  under  de\elopment 
(KL4).  Artificial  lung  expanding  compound  (ALEC)  is  avail- 
able as  either  a  powder  or  liquid  suspension  and  has  been  stud- 
ied primarily  in  Engkmd.-"-"'  It  is  a  mixture  of  10%  DPPC  and 
30%  PG.  Exosurf  has  been  extensively  studied"''''''^  and,  in  the 
United  States,  has  been  approved  for  use  in  neonates.  It  con- 
sists of  DPPC,  hexadecanol,  and  tyloxapol.  In  both  of  these 
preparations,  DPPC  is  the  primary  surface-active  agent  and 
the  other  ingredients  facilitate  surface  adsorption  and  spread- 
ing. KL4  is  a  synthetic  peptide  having  SP-B-like  properties. 
Combinations  of  this  peptide  and  DPPC  are  being  evaluated.*^' 

The  natural  surfactant.  Surfactant  TA.  was  introduced, 
tested,^-'''  '^  and  approved  for  neonatal  use  as  Sui-vanta  in  the 
United  States  (Surfacten  in  Japan).  It  is  prepared  by  extract- 
ing lipids,  SP-B,  and  SP-C  from  minced  bovine  lungs  using 
organic  solvents.  Additional  DPPC,  palmitic  acid,  iuid  uipalmi- 
tin  are  added  to  give  the  extract  a  composition  similar  to  that 
of  human  surfactant  (without  the  SP-A).^-''''  Curosurf  is  an 
organic  solvent  extract  of  minced  pig  lung  with  the  neutral 
lipids  removed  by  gel  chromatography.  The  extra  purifica- 
tion process  improves  the  surface  properties  of  this  type  of 
surfactant."'  Organic  solvents  can  also  be  used  to  remove  the 
lipid,  SP-B,  and  SP-C  components  from  alveolar-lavage  fluid. 


This  type  of  process  is  used  with  calf  lungs  to  produce  Infa- 
surf.  This  preparation  is  also  known  as  calf-lung  surfactant 
extract  or  CLSE.  A  similar  process  is  used  with  adult  cow  lungs 
to  produce  Alveofact. "'-''''  Currently  only  Exosurf  and  Sur- 
vanta  have  been  approved  by  the  Food  and  Drug  Adminis- 
tration to  be  used  in  the  United  States  for  neonates  at  risk  for 
(prophylactic  therapy)  or  having  (rescue  therapy)  RDS. 

Response  to  Therapy 

The  strength  of  the  evidence  for  exogenous  surfactant 
replacement  therapy  depends  on 

•  the  model — whether  the  study  was  conducted  in  a  labo- 
ratory model  (in  vitro)  or  in  humans  or  mammals  (in  vivo) 
and  which  species  (eg.  rat,  rabbit,  sheep,  or  primate)  was 
used.  The  results  of  animal  studies  may  not  apply  directly 
to  treatment  of  human  disease  because  of  the  biologic  vari- 
ation among  species  and  because  the  timing  of  injury  and 
intervention  is  usually  very  different  between  the  laboratory 
and  the  clinical  setting. 

•  the  age  of  the  subjects  (whether  they  are  premature  new- 
boms  or  adults); 

•  the  lung  injury  method — alveolar  lavage  simulates  surfactant 
deficiency  seen  in  RDS  and  has  certain  similarities  to 
ARDS.""  Other  ARDS  models  have  been  created  using 
NNNMU,'^*'''"'  oleic  acid,'-'"''''" bile,"  hydrochloric  acid," 
anti-lung  serum.'"''''  100%  oxygen,''''-^'-^'^  bilateral  cervi- 
cal vagotomy,''^  and  viral  infection.''''"' Tlie  lung  and  other 
organs  respond  differenfly  to  each  insult. 


Table  4.      Exogenous  Surfactanl  Preparations:  Source  and  Composition 


Preparations 


Source 


Composition 


Synthetic  surfactants 

ALEC*  (Pulmactant.  Brittania.  Red  Hill,  Surry, 
United  Kingdom) 

Colfosceril  palmilate  (Exosurf.  GlaxoW'ellcome, 
Research  Triangle  Park  NC ) 

KL4 

Natural  human  surractant 

Human 

Natural  animal  surfactants 

Alveolact  (Thomae.  Bilberach.  Ocrmany) 

CLSE*  (Inlasurr,  Forest  Laboratories,  St  Louis  MO) 
Curosurl  (Chiesi  Farmaceulici.  Parma.  Italvl 


Surlactant-TA  (Surfacten.  Tokyo  Tanabe.  Tok\o  Japan  and 
beractant  ISurvanta]  Ross  Laboratories,  Columbus  OH  I 


Synthetic 

Synthetic 

Synthetic 

Amniotic  lluid 

Lipid  extract  of  cow  lung  lavage 

Lipid  extract  of  calf  lung  lavage 

Organic  solvent  of  pig  lung 
purified  by  chromatography 

Lipid  extract  of  cow  lung  and 
synthetic  lipids 


DPPC*,  unsaturated  phosphatidylglycerol 

DPPC,  hexadecanol,  tyloxapol 

DPPC,  KL4 

Surlactant  lipids.  SPA,  SP-B,  SP-C 

Surfactant  lipids.  SP-B.  SP-C 
Surfactant  lipids,  SP-B,  SP-C 
Lung  phospholipids.  SP-B,  SP-C 

Lung  lipids.  DPPC.  tripalmitin.  palmitic  acid 


Abbreviations:  ALEC,  artificial  lung  expanding  compound:  DPPC.  ciipalmitoylphosphatidylcholine;  Ct^E.  calf-lung-surfactant  extract. 
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•  the  surfactant  preparation  itself — in  addition  to  the  prepa- 
rations listed  in  Table  4.  many  researchers  make  their  own 
extractions. 

•  the  dose  administered  and  the  delivery  method — was  the 
surfactant  instilled  as  a  bolus  via  the  endotracheal  tube  or 
a  bronchoscope,  or  was  it  aerosolized?  Was  the  subject 
mechanically  \cntilated?  What  Vj.  positive  end-expira- 
toi7  pressure  (PEEP),  inspiratory  pressure,  and  I:E  were 
used?  and 

•  the  measures  of  efficacy — what  variables  were  chosen  to 
indicate  a  favorable  outcome — ie,  gas  exchange,  respiratory 
mechanics,  changes  in  alveolar  lavage  fluid  (composition 
and  surface  acli\  ity ).  mortality? 

Taken  together,  these  factors  make  it  dilficult  to  analy/c 
the  volumes  of  data  that  have  accumulated. 

Effects 

hi  addition  to  the  previously  described  benefit  of  decreas- 
ing inactivation  of  endogenous  surfactant  by  serum  proteins, 
several  otlier  effects  of  exogenous  surt'acliuil  have  been  described. 
Matalon  and  colleagues  '''  demonstrated  that  exogenous  sur- 
factant can  mitigate  the  progression  of  hyperoxic  lung  injury 
in  adult  rabbits  exposed  to  lOO'^'f  oxygen  for  64  hours.  They 
instilled  125  mg  of  CLSE  at  0  and  12  hours  following  expo- 
sure to  100%  oxygen  and  found  increased  lung  phospholipids 
(.^4  vs  4.5  /Jmol/kg).  increased  TLC  (42  vs  27  niL/kg).  decreased 
alveolar  protein  (36  vs  56  mg/kg)  and  decreased  atelectasis  as 
evidenced  by  P;,02  increased  to  460  ton-  from  197  torr.  Simi- 
lar effects  have  been  obsen'ed  using  instilled  Exosurt"  with  adult 
rats'"*  and  aerosolized  Exosurf  with  adult  baboons.^'-''' 

Using  the  same  lung  model  and  surfactant  as  Matalon  and 
colleagues.  Novotny  et  aF'  demonstrated  that  hyperoxic  lung 
injury  can  reduce  exogenous  surfactant  clearance  in  vivo.  This 


is  probably  due  to  injui-y  of  the  ah  eolar  lype-II  cells  and  their 
ability  to  recycle  surfactant  components  in  the  monolayer.  If 
the  surfactant  present  in  the  monolayer  is  the  large-aggregate 
type  and  is  otherwise  functioning  well,  the  reduced  clearance 
may  prolong  the  effecti\'eness  of  therapy.  These  observations 
may  be  important  in  determining  dosing  regimens  for  surfactant.^'' 

Ikegami  and  colleagues'"  speculated  that  exogenous  surfac- 
tant might  be  activated  by  some  components  of  endogenous 
surfactant  in  pretemi  lambs.  Following  surfactant  administra- 
tion and  ventilation  for  5  hoLirs.  alveolar  lavage  was  pertbmied. 
Preterm  rabbits  were  given  either  the  original  treatment  sur- 
factant, the  kirge-  or  small-aggregate  surfactant  recovered  from 
the  lamb  lavage  fluid,  or  nothing.  It  was  found  that  the  large- 
aggregate  surt'aclant  recovered  from  the  treated  kuiibs  [x^ilbniied 
better  than  did  the  original  treatment  surfactant,  indicating  that 
the  exogenous  surfactant  was  activated  and  its  functionality 
enhanced  by  having  been  in  the  preterm  lambs"  lung. 

Exogenous  surfactant  also  has  anti-inflammatory  effects. 
Synthetic  surfactant  has  been  shown  to  inhibit  tumor  necro- 
sis factor  (TNF)  production.^'"*'  suppress  interleukin-1  and 
interieukin-2.'*"*-  and  inhibit  endotoxin-stimulated  cytokine 
secretion  of  human  alveolar  macrophages.*'' 

Comparisons  among  Preparations 

Cummings  and  colleagues'*'*  compared  4  exogenous  sur- 
factant preparations  in  vivo.  Surfactant  was  instilled  into  sur- 
factant-deflcient  pretenn  lambs.  Exosurf  was  instilled  as  two 
2.5  mL  aliquols  over  1-3  minutes,  whereas  Infasurf'.  Sunanta. 
and  natural  sheep  surfactant  were  given  as  intratracheal  boluses 
into  fluid-filled  lungs  before  ventilation  was  begun.  A  sec- 
ond surfactant  dose  was  given  after  12  hours  if  the  Pm:  was 
<100  toiT  while  breathing  100%  oxygen  and  receiving  max- 
imal \entilat017  support.  Table  5  shows  that  although  Survanta. 
Infasurf,  and  the  sheep  extract  significantly  increased  sui-vival. 


Table  5.      Comparison  of"  Four  Exogenous  Siirfaetants 


Variable 


Control 


Exosurf 


Survival  at  12  hc:;  1  0 

Survival  at  24  li(%)  0 
Survivors  meeting  retreatment 

criteria  at  12  li  NA* 
PaO:  ininiediately  alter  instillation  (d  h)        44 

Pa02atl2h  NA 

VEl*  (0  h)  0.022 

VEIatl2h  0.015!^ 

Minimum  .surface  tension  30 


(1 
0 

NA* 

72 

NA 

0.022 

0.030" 

•57 


Sur\anta 


50 
33 

2/2 
223 
100' 
0.064 
0.040 
17 


Infasurf 


8.5 
67 

1/5 

250 

(1.141) 

0.140 

11 


*A1I  animals  expired  by  12  hours; '  values  are  approximations  taken  from  an  x-y  plot; '  at  7  hours;  "at  S  hours;  NA.  not  applicable 

Vco: 


*  VEI  =  ventilatory  etficiency  index  - 


(PIP-PEEP)(rate)(' J!i£2^  ) 
V  761)  torr  / 


Sheep  Extract 


20 
20 

1/1 

292 

50' 

0.163 

0.043 

12 


where  PIP  =  peak  inspiratory  pressure,  PEEP  =  positive  end-expiratory  pressure.  760  torr  =  barometric  pressure  at  sea  level,  Vcc-  =  COi  elimin.ition  assumed  to  be  consl;,:u 
al5  mL-kg"'  min  ' 
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ventilatory  efficiency  index,  and  initial  response  to  oxygen, 
only  Infasurf  maintained  these  improvements.  Infasurf  also 
had  the  best  static  detlation  pressure-volume  curve  (Fig.  4). 
Kxosurf  performed  no  better  than  controls  in  any  regard. 


Table  6.      Effect  of  Proteins  in  Exogenous  .Surfactant*' 


CLSE      Survanta      Exosurf 


Exosurf + 
SP-B  +  SP-C 


Survanta 


Exosurf 
Control 


10         15        20        25         30 
Pressure,  cm  H2O 


Fig.  4.  Effect  of  four  exogenous  surfactants  on  the  deflation  limb  of 
the  pressure-volume  curve.  '  indicates  p  <0.02  compared  to  con- 
trol group;  t  indicates  p  <0-02  compared  with  natural  sheep  surfac- 
tant group.  (From  Reference  84,  with  permission.) 


Ikegami  and  colleagues'"  observed  similar  results  with 
preterm  lambs.  They  compared  Survanta,  Exosurf,  and  two 
noncommercial  synthetic  mixtures.  Both  noncommercial 
mixtures  contained  a  mixture  of  69'7f  DPPC.  22%  PG.  and 
9%  palmitic  acid.  However,  one  mixture  was  prepared  by 
heat  annealing  (Mixture  1 )  and  the  other  mixed  using  glass 
beads  (Mixture  2).  Survanta  was  found  to  decrease  venti- 
latory pressure  and  improve  compliance  and  the  ventilatory 
efficiency  index,  followed  by  Mixture  1.  Mixture  2,  and  Exo- 
surf Five  hours  after  surfactant  administration,  alveolar  wash 
demonstrated  significantly  more  of  the  Survanta  remain- 
ing in  the  large-aggregate  form  than  the  Exosurf.  and  this 
large-aggregate  fraction  contained  more  SP-A  than  did  the 
other  preparations. 

Hall  and  colleagues"-^  did  an  in-vitro  comparist)n  of  CLSE, 
Survanta.  and  Exosurf.  Because  the  first  two  prep;irations  con- 
tained apoproteins,  SP-B  and  SP-C  were  added  to  Exosurf 
for  this  evaluation.  Table  6  shows  the  four  surfactant  prepa- 
rations with  their  ability  to  adsorb,  to  lower  surface  tension 
during  compression  with  and  without  the  presence  of  albu- 
min, and  to  restore  pressure-volume  lung  mechanics.  CLSE 
provided  the  best  surfactant-like  characteristics,  followed 
ck)sely  by  Survanta.  Exosurf  performed  poorly  until  the 
apoproteins  were  added,  after  which  its  performance  was  sim- 
ilar to  CLSE  and  Survanta. 

Survanta  and  Exosurf  were  compiucd  in  a  prospective,  ran- 
domized clinical  study  of  over  600  infants  with  RDS." 
Although  there  was  a  small  difference  in  the  initial  F|0:  and 
mean  airway-pressure  response  favoring  Survanta.  no  dif- 
ferences in  mortality  or  incidence  of  bronchopulmonary  dys- 


Adsorption  (final 

surface  tension 

|STl)(mN/m) 

22 

28 

.^8 

Minimum  ST  (niN/m) 

<l 

<2 

29 

Infasurf 

Minimum 

ST+  20  mg/mL 

albumin*  (mN/m) 

<1 

<2 

M) 

Surfactant 

Ability  to  restore  lung 

mechanics  (%) 

100' 

50 

<10 

32' 
I 


I* 
70' 


*  2.5  mg/niL  surfactant  used  willi  Survanta  and  call'-lung-surfaclant  extract.  10 
mg/mL  with  Iixosurf.  '  Values  are  approximations  taken  from  x-y  plots. 


plasia  (BPD)  was  found  between  the  two  surfactant  prepa- 
rations at  28  days. 

Exogenous  Surfactant  Use  in  Humans 

Neonates 

The  first  administration  of  surfactant  to  neonates  was 
reported  in  1980  by  Fujiwara  and  colleagues,'^''  and  since  then 
thousands  of  intants  have  been  treated  with  surfactant.'^'^'''*''^*"'*'* 
Surfactant  replacement  therapy  has  become  such  a  standard 
of  care  that  the  American  Association  for  Respiratory  Care 
has  developed  a  clinical  practice  guideline  ''^"  to  assist  prac- 
titioners in  its  administration. 

Surfactant  therapy  in  pretemi  infants  has  been  one  of  the 
most  thoroughly  studied  new  tlicrapies  in  neonatal  care."^  More 
than  40  randomized,  controlled  trials  have  been  reported  since 
1985:  several  of  the  larger  studies  are  listed  in  Table  7.  It  is 
clear  that  surfactant  therapy  can  reduce  mortality,  air  leaks. 
the  need  for  mechanical  ventilation  and  oxygen  therapy,  and 
the  severity  of  RDS;  it  can  improve  pulmonai-y  mechiinics  and 
gas  exchange.  The  incidence  of  BPD  has  not  changed  dra- 
matically, but  this  may  be  related  to  the  "survival  effect" — 
the  fact  that  more  infants  treated  with  surfactant  survive,  and 
these  survivors  are  at  high  risk  for  BPD. 

The  most  serious  complication  reported  in  neonates  treated 
with  surfactant  is  pulmonary  hemonhage,  A  meta-analysis"' 
of  29  studies  published  between  1980-1992  demonstrated 
a  pulmonary  hemorrhage  rate  of  approximately  2.7%  for  all 
infants  with  RDS  (>  .5.000  infants):  this  increased  by  47% 
vvith  surfactant — from  2. 1  %  for  the  controls  to  3.7%  for  the 
surfactant  group  (Table  8).  Although  the  side  effects  appear 
to  be  minimal  and  llicir  frequency  low.  concern  has  been 
raised  aboui  adminisiermg  therapy  to  patients  who  do  not 
need  it.**' 

The  primary  strategies  for  administering  exogenous  sur- 
factant to  infants  is  to  give  it  either  immediately  at  birth  (pro- 
phylaxis) to  patients  at  risk  for  RDS  (<  32-weeks  gestation 
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Table  7.      Human  Infant  Studies  of  Exogenous  Surfactant  Therapy 


Surfactant 


Patients  (n) 


ALEC 

149  control 

159  study 

Alveofact 

35  control 

34  surfactant 

Bovine, 

263  control 

Porcine 

277  study 

CLSE 

31  control 

34  surfactant 

Study  Type 


Treatment  Criteria 


Outcome  Variables 


First  Author,  Year 


Prospective,  randomized.         25-29  weeks  gestation  Decreased  inortality  (27  vs  14%),       Ten  Centre,  1987-' 

placebo-controlled  study  time  ventilated,  brain  hemorrhage 

Prospective,  randomized,         23-30  weeks  gestation,  Increa.sed  survival  without  BPD*        Gortner,  1992"*' 

placebo-controlled  study  instill  50  mg/kg  <  1  h  (76  vs  40%) 

after  birth,  up  to  3  doses 

Meta-analysis  of  7  studies       RDS*,  single  dose  before  Decreased  mortality  (30  vs  20%)        Heenes,  1991*'* 


Prospective,  randomized, 
placebo-controlled  study 


first  breath  or 
within  15  min 

25-29  weeks  gestation, 
single  dose, 
prophylactic 


and  pneumothoraces  (37  vs  16%) 


Decreased  severity  of  RDS  within       Kendig,  IS 
first  24  h  but  not  sustained; 
decreased  pneumothoraces; 
multiple  doses  may  improve  effect 


Curosurf 


1 ,069  low  dose 
1,099  hich  dose 


Prospective,  randomized 
study 


RDS,  low  dose  =  100 
mg/kg  initial,  at  12  h 
and  24  h  (up  to  300 
mg/kg);  high  dose  = 
200  mg/kg  initial, 
100  mg/kg  X  4 
(maximum  600  mg/kg) 


No  difference 


Halliday,  1993"- 


Exosurf  213  control  Prospective,  randomized,        700-1,350  g  RDS; 

206  study  placebo-controlled  study         2  rescue  doses: 

1st— 2-24  h 
2nd— 12  h  later 


Decreased  P|A-a>0:,  Fio:.  and 
ventilatory  needs;  fewer  deaths 
from  RDS  (21  vs  7%), 
mortality  (50  vs  23%) 


Long,  1991^ 


Exosurf  222  control  Prospective,  randomized,        700- 1 , 1 00  g  RDS. 

224  study  placebo-controlled  study  1  rescue  dose,  as  soon 

as  possible  after  birth 


Decreased  oxygen  needs;  fewer 
air  leaks  and  RDS  deaths;  28  day 
mortality  (20  vs  13%) 


Corbet.  1991' 


Exosurf 


1.344  early, 
1,346  late, 
3,381  X  2  doses, 
3,376  X  4  doses 


Prospective,  randomized.         Early:  <  2  hours  after 
controlled,  open  label  birth,  high  risk  for 


study 


RDS,  intubated; 
late:  >  2  hours  old, 
clinical  diagnosis  of  RDS 


Early:  decrea.sed  air  leaks; 
25%  treated  unnecessarily; 
no  advantage  to  >2  doses 


OSIRIS  19925' 


Exosurf  vs 
Survanta 


309  Exosurf 
308  Survanta 


Prospective,  randomized 
study 


501-l,.500gRDS, 
up  to  4  doses 


No  ditference  in  mortality  or 
BPD 


Horbar,  1993" 


Survanta  28  control  Prospective,  randomized.        >34  weeks  gestation, 

28  study  placebo-controlled  study         on  ECMO,  4  doses 


Decreased  ECMO*  time  and 

complications  (46  vs  18%); 
improved  pulmonary  mechanics 


Lotze,  1993"- 


Survanta  156  control  Prospective,  randomized, 

1 54  study  placebo-controlled  study 


23-26  weeks  gestation  Decreased  mortality  (45  vs  27%)        Ferrara,  1994*^ 


Survanta 


2,670  early 
5,498  late 


Prospective,  open  label, 
TIND*  study 


early:  1  dose  at  birth  if 
600-1,250  g 
late:  1  dose  if 
600-1,7.50  g  with  RDS; 
all  could  receive  up  to 
4  doses  within  a  48  hour 
period 


Decrease  in  intracranial 
hemorrhage,  air  leaks,  BPD,  and 
sepsis  compared  to  treated 
neonates  in  controlled  trials; 
no  safety  concerns 


Zola,  1993" 


•  RDS,  respiratory  di.stress  syndrome;  BPD,  bronchopulmonary  dysplasia;  ECMO,  extracorporeal  membrane  oxygenation:  TIND.  treatment  mvestigational  new  dw; 
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Table  8.      Incidence  of  Pulmonary  Hemorrhage  in  Neonates*'' 

'/r  All  Palicnls       9;  Conlrol       '7c  Surlactanl 
(n/N)  (n/N)  (n/N) 


5.6(78/1.3X8)      .';.4(.^7/M()l      .5.9(4 1/698) 


4  Natural  Surl'aclant 

Studies 
7  Synthetic 

Surlaclants  Studies        1.8(51/2.880)      1.0(1.5/1,448)   2.5(.36/1.4-32) 
Surfactant  Type  Not 

Stated  (15  Studies)         1..3(12/'W2)        ()..^(1/.^91)        2    (11/541) 
All  Studies  2.7(141/5,200)   2.1(53/2,529)  3.7(88/2,671) 


or  <  1 ,3(M)-g  hirthwcight)  or  as  a  therapeutic  dose  (rescue)  to 
patients  with  cHnical  evidence  of  RDS.^"  Whereas  some  stud- 
ies have  found  that  giving  the  surfactant  early  is  beneficial,'^ 


others  ha\c  lound  no  difference.^'*  It  has  been  staled  that  as 
many  as  40%  of  infants  <  30  weeks  gestation  receive  pro- 
phylactic surfactant  unnecessarily.'" 

Several  large  studies  have  evaluated  tlie  long-tenn  effects 
of  surfactant  therapy  in  neonates  (Table  9).  Not  only  does 
exogenous  surfactant  therapy  reduce  mortality  and  morbidity, 
it  does  not  appeiu'  to  interfere  w  ith  normal  grow  th  and  ncuro- 
development.^'"'''''''''''-''''-''''^'  Longer  term  follow-up  evalu- 
ations are  ongoing. 

Adults 

Few  studies  of  exogenous  surtactant  therapy  ha\  e  been 
reported  in  ARDS  patients  (Table  10).  In  1989.  Richman  and 


Tabic  9.      E.xogenous  Surfactant  Replacement  Studies  in  Himian  Infants:  Results  of  Long-Term  follow  Up 


Surfactant  Patients  (n) 


Study  Type 


Treatment  Criteria 


Outcome  Variables 


First  .Author.  Year 


E.xosurf  1 3  conlrol 

34  study 


Reporting  6-  and  12-mo 
follou  up  of  prospective, 
randomized,  placebo- 
controlled  study 


>1.0()0g.  RDS*. 
2  rescue  doses: 
2-24  hand  12  h  later 


Decreased  days  on  ventilator 
and  O^:  fewer  patients  discharged 
with  bronchodilators;  increased 
expiratory  How  by  age  1  year 


Abbasi.  1993" 


Exosurf         All  826  received  Reporting  28-day  and 

initial  surfactant  I  -y  follow  up  of 

dose:  410  received  randomized,  double- 

2  or  3  placebo  doses:  blind,  placebo-controlled 
4 1 6  received  2  or  study 

3  doses  surfactant 


700- 1.1 00  g:  3  doses  led  to  decreased  se\erity 

1  vs  3  doses  prophylactic     of  RDS:  morbidity  and  mortality 
rate  comparable  to  I  dose 


Corbet.  1995-'' 


Exosurf         Of  1 .046  original  n.      1  -y  follow  up  of  patients 
735  were  alive,  and      from  3  randomized. 
597  had  follou  up        placebo-controlled  studies 


Exosurf 


500- 1 .350  g. 
prophylactic,  single  dose 


Redticed  mortality  without 
increasing  health,  grtiwth.  or 
neurodevelopmental  impairment 


385  original; 

258  evaluated 

at  I  y: 

1 18  evaluated 

at2v 


Kcporluig  I  and  2-y  700- 1. 350  g  prophylactic      No  health,  growth,  or 

lollow  upof  patients  from  single  dose  neurodevelopmental  impairment 

r.indomi/ed.  double-blind.  at  1  or  2  years 

placebo-control Icil  study 


Corbel.  1995» 


Kra\hill,  1995^^ 


Exosurl 


Exosurf 


ALi;c 


Ol  446  original  n, 
273  had  1-y 
follow  up: 
125  controls, 
148  surfactant 

Of  215  original  n 
(109  control. 
106  surfactant). 
80  alive  at  1  \  and 
66  had  follow  up 

1 14  control 
1  1 7  surfactant 


*RDS,  respiratory  distress  syndrome 


Reporting  1-y  lollow  up 
of  patients  from 
randomized,  double-blind, 
placebo-controlled  study 


Reporting  1  y  follow  up  of 
patients  in  randomized, 
double  blind,  placebo- 
controlled  study 


9-18  mo  follow  up  of 
patients  from  rantlomized. 
placebo-controlled  study 


700- 1. 1 00 g  prophylactic 
single-dose 


500-699  g.  prophylactic, 
sinale-do.se 


23-,^  weeks  i;cslation 


Decreased  mortality  and  rale  of 
asthma  with  surfactant: 
no  health,  growth,  or 
neurodevelopment  impairment 


Neurodevelopment  at  least 
equivalent  to  controls:  decrease 
in  mild  moderate  functional 
impairment  (7  vs  29%) 


In  <30  week  gestation,  increased 
sunival  without  impairment 
(57  vs  41%):  decreased 
mortality  (36  vs67%) 


Sell.  1995'^' 


Walther.  1995" 


Morlev.  1990'5 
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Table  10.    Studies  of  Exogenous  Surfactant  Therapy  in  Adult  Humans 


Surfactant 


Exosurf 


Exosurf 


Exosurf 


Survanta 


Patients 


Study  Type 


Administration  Method 


Findinas 


First  Author.  Year 


51  sepsis  ARDS* 


49  sepsis  ARDS 


498  .sepsis  ARDS 


4.1  ARDS  sepsis, 
trauma,  aspiration, 
blood  transfusions 


Prospective,  randomized, 
placebo-controlled  study — 
2:1:2:1  blocked  to  receive 
12  h/d  surfactant  or  placebo 
or  24  h/d  surfactant  or 
placebo;  up  to  5  days 

Prospective,  randomized, 
placebo  controlled  study — 
saline  vs  40.5  mg  DPPC*/mL 
vs81.0mgDPPC/mL 

Prospective,  randomized, 
placebo  controlled  study 

Prospective,  randomized — 
standard  therapy  vs  3  doses 
(50  mg  PL*/kg  X  8  doses. 
100  mg/kg  X  4  doses, 
lOOmg/kgx  8  doses) 


Curosurf 

6  ARDS  (3  sepsis. 

Prospective,  crossover; 

2  pancreatitis. 

4g  drug  in  50  niL  diluent 

1  trauma) 

Exosurf 

One  man  (age  50  y) 

Compassionate  use;  7.3  g  DPPC 

on  ECMO* 

(540  mL=  100  mg/kg) 

Surfactant 

2  ARDS 

Compassionate  use;  240  mg/dose: 

TA 

{ 1  severe  bum. 

#1  had  =20  daily  doses; 

1  pneumonia) 

#2  had  3  doses 

Curosurf 

3  ARDS 

Prospective,  crossover; 

( 1  aspiration 

4  g  (=50  mg/kg) 

pneumonia,  1  sepsis. 

1  pancreatitis) 

Unspecified      1  terminally  ill  4-year-    Compassionate  use; 
surfactant         old,  sepsis  ARDS  300  mg  PL/kg 


Aerosol 


Aerosol 


Aerosol 


Instilled 


Instilled  via 
bronchoscopy 


Instilled  via 
endotracheal  tube 

Instilled  via 
endotracheal  tube 


Instilled  via 
bronchoscopy 


Instilled 


Safe,  no  significant  Weg  1991,"" 

improvement  in  physiology     Weg,  1994''^ 
or  mortality 


Safe;  may  improve 
mortality 


No  change  in  mortality 
(=41%) 

Decreased  mortality  and 
ventilatory  needs; 
improved  oxygenation 


No  change  in  compliance        Spragg,  1994" 
or  ABC* 


Wiedemann,  1992* 


Anzueto,  1994""' 


Gregory,  1994" 


Increased  PaO: 


No  allergic  reactions; 
well  tolerated 


Heikinheimo,  1994"' 


Nosaka,  1990"' 


*ARDS,  acute  respiratory  distress  syndrome;  DPPC.  ilipalmiloylphosphatidylcholine;  PL,  phospholipid;  ABG, 
oxygenation;  FRC,  functional  residual  capacity. 


Transient  P^o;  increase  in        Richman,  1989"" 
2  patients,  dramatic  and 
sustained  increased  PaO; 
in  another;  no  change  in 
compliance  or  FRC* 

Improved  Pao;  and  Paco:         Lachmann,  19S9'" 


;irlcnal  blood-gas  values;  ECMO.  extracorporeal  membrane 


colleagues  *  reported  the  use  of  instilled  Curosurf  in  3  adult 
patients  with  ARDS  due  to  sepsis,  pancreatitis,  and  aspira- 
tion. They  were  treated  in  a  crossover  sequence  with  a  total 
of  4  g  of  siirfactant  delivered  in  aliquots  to  each  lung  lobe  via 
bronchoscopy  and  with  an  equal  volume  of  saline  or  air.  Two 
patients  had  transient  increases  in  P.io,  that  returned  to  base- 
line within  one  hour,  whereas  the  third  had  a  more  dramatic 
improvement  that  lasted  3  days.  No  change  in  compliance  or 
FRC  was  noted.  Placebo  resulted  in  an  initial  decrease  in  PaO: 
that  returned  to  baseline  within  1  hour.  In  a  1989  summary 
of  the  results  of  4  ARDS  animal  models  and  surfactant  replace- 
ment therapy,  Lachmann""  also  reported  instilling  300  mg/kg 
lipid  into  the  lungs  of  a  4-year-old  child  with  sepsis-induced 


ARDS.  A  dramatic  improvement  in  P.,f);  (from  19  torr  to  240 
torr)  and  P,,co:  (from  68  torr  to  43  torr)  occuired  witliin  4  hours 
of  surfactant  administration. 

In  1990,  Nosaka  and  colleagues  "'  reported  the  results  of 
administering  Surfactant-TA  to  2  patients  with  ARDS — one 
due  to  severe  bums  and  the  other  to  postoperative  pneumo- 
nia. Each  patient  received  240  mg  surfact;mt/dose  \ia  the  endo- 
tracheal tube.  The  first  patient  received  doses  on  Days  4,  5, 
13,  14.  22  and  almost  daily  from  Day  24  through  Day  38.  The 
second  patient  received  3  daily  doses.  Both  patients  tolerated 
the  therapy  well,  without  allergic  reaction  to  the  natural  sur- 
factant. Heikinheimo  and  colleagues'*'*  repoHed  in  1994  lire 
use  of  Exosurf  in  a  50-year-old  patient  with  noncardiogenic 
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pulmonary  edema  who.  in  spite  of  extracorporeal  membrane 
oxygenation,  was  unable  to  maintain  a  PuO;  >  60  torr.  He  was 
given  two  270-mL  doses  of  instilled  surfactant  via  a  side  arm 
connector  on  the  endotracheal  tube.  The  doses  were  separated 
by  approximately  3  hours,  and  each  dose  was  delivered  over 
a  15-minute  period.  The  total  540  mL  dose  equated  to  7.23  g 
DPPC.  or  104  mg/kg.  The  Fr),  was  able  to  be  reduced  from 
0.90  to  0.50  within  24  hours,  and  ultimately  the  patient  was 
discharged  from  the  hospital. 

The  fiiNt  randomized  placebo-controlled  adult  study  involved 
aerosolizing  a  synthetic  surlactant.  Weg  and  colleagues''-'^'' 
have  studied  4  dosing  schedules  of  Exosurf  in  51  patients  with 
sepsis-induced  ARDS.  The  patients  were  randomized  in  a 
2:1:2:1  balanced  block  to  receive  either  1 2  h/day  surfactant, 
12  h/day  placebo  (0.6%  NaCl),  24  h/day  surfactant,  or  24  h/day 
placel-K).  The  concentration  of  surfactant  was  1 3.5  mg  DPPC/mL 
and  patients  received  up  to  5  days  of  therapy.  Data  from  both 
placebo  groups  were  pooled  for  analysis  leaving  a  3-group  com- 
parison of  1 7  patients/group.  The  primary  objective  of  this  study 
was  to  establish  salety.  However,  measures  of  efficacy  were 
examined  as  well.  Patients  tolerated  the  1 2  and  24  h/day  admin- 
istration of  the  surfactant  and  placebo  aerosols.  The  average 
(SD)  total  volume  of  surfactant  aerosolized  was  568  (53)  g 
in  the  1 2-h/day  group  and  1 , 1 28  (99)  g  in  the  24-h/day  group — 
the  equivalent  of  21 .9  and  43.5  mg  DPPC  ■  kg-'  •  day'.  The 
only  related  adverse  event  was  one  pneumotht)rax  in  the  12- 
h/day  surfactant  group,  which  was  most  likely  due  to  a  par- 
tially obstructed  ventilat(ir  exhalation  filter.  Although  the  30- 
day  mortality  decreased  in  a  rank  order  from  479f ,  4F/f ,  and 
35%  in  the  placebo.  1 2-h/day-surfactant.  and  24-h/day-sur- 
factanl  groups,  the  number  of  patients  in  each  group  was  not 
l;uge  enough  to  achieve  significiuice.  Only  3  patients  ( 1  placebo, 
2  surfactant)  died  from  respiratory  failure,  and  all  other  deaths 
were  related  to  multiple  organ  failure  or  o\  erwhelming  sep- 
sis witlT  cardioN  ascuku'  collapse.  Tlie  autliors  hypothesized  that 
greater  improvement  might  be  achieved  with  a  higher  dose 
of  surfactant. 

As  a  follow  up  to  the  Weg  et  al  study,  Wiedemann  and  col- 
leagues'* reported  use  of  a  higher  dose  of  aerosolized  Exo- 
surf in  49  patients  with  ARDS.  Patients  were  randomized  to 
recei\c  placebo  (O.fi'f  NaCl.  n  =  16).  40.5  mg  r3PPC/mL  (n 
=  16).  or  81  mg  DPPC/mL  (n  =  17).  All  patients  received  their 
assigneil  dose  continuously.  24  ii/day,  for  up  to  5  days.  Results 
showed  a  trend  toward  a  reduced  14-day  mortality  with  Exo- 
surf (control  =  50%,  40.5  mg  DPPC/mL  =  25%,  81.0  mg 
DPPC/mL  =  35% ).  Improsements  in  oxygenation  indices  were 
also  ne)ted.  Three  adverse  events  were  obserxed:  1  skin  rash 
and  2  patients  v\  ith  increasing  airway  pressure  related  to  par- 
tially obstructed  \entilator  expiratory  filters. 

Follow  ing  the  Wiedemann  study,  an  international,  multi- 
center,  prospecti\  e.  placebo-controlled,  double-blind  study 
of  725  patients  with  sepsis-induced  ARDS  was  conducted. 
Anzueto  and  colleagues""'  reported  the  preliminary  results 
of  the  first  498  patients  and  later  reported  the  entire  series. 


Patients  received  either  placebo  (0.45%  NaCl )  or  Exosurf  ( 1 3.5 
mg  DPPC/mL)  nebulized  continuously  for  up  to  5  days.  Patients 
were  stratified  by  risk  of  mortality  (APACHE  III).  There  were 
no  differences  in  30-day  mortality  between  groups — 41%  in 
the  treatment  and  study  groups  in  the  preliminary  report  and 
40%  in  both  groups  of  all  725  patients.  No  differences  in 
APACHE-lIl  scores,  cause  of  death,  time  of  onset  and  sever- 
ity of  ARDS,  documented  sepsis,  or  underlying  disease  were 
reported.  There  was  also  no  difference  in  physiologic  indices 
of  oxygenation  and  ventilation,  duration  of  mechanical  ven- 
tilation, or  intensive  care  unit  stay. 

Gregory  and  colleagues'"'""  published  two  abstracts  report- 
ing the  results  of  instilling  Survanta  into  43  patients  with 
ARDS  of  multiple  etiologies.  Three  dosing  strategies  were 
compared  to  standard  therapy  (control  group,  n  =  16).  Patients 
were  given  either  50  mg  phospholipid  (PL)-  kg''  -  dose*'  for 
a  maximum  of  8  doses  (n  =  8).  100  mg  PL  -  kg"'  -  dose'  for 
4  doses  (n=  16),  or  lOOmgPL-  kg"'  dose"'  for  8  doses  (n 
=  19).  After  the  initial  dose,  patients  meeting  retreatment  cri- 
teria were  given  a  supplemental  dose  e\ery  6  hours  until  the 
maximum  dose  limit  in  their  respective  treatment  group  was 
reached.  BAL  was  performed  at  baseline  and  at  120  hours 
after  the  first  dose  was  given.  Mortality  was  significantly 
reduced  in  the  100  mg  PL/kg.  4-dose  group  (17.6%  vs  43.8% 
for  standard  therapy),  but  a  nonsignificant  reduction  was  seen 
in  the  100  mg  PL/kg,  8-dose  group  (mortality.  21.1%);  the 
latter  had  the  maximum  improvement  in  functional  surfac- 
tant activity,  as  evidenced  by  an  increase  in  phospholipid  pool 
size,  PC.  SP-A,  SP-B.  a  reduction  in  minimum  surface  ten- 
sion, the  maximum  improvement  in  oxygenation,  and  min- 
imuii-i  ventilatory  requirements. 

Spragg  and  colleagues'"-  recently  reported  use  of  Curo- 
surf  in  6  patients  with  ARDS  using  a  crossover  design.  Patients 
were  nuidomly  assigned  to  initially  receive  either  placebo  (0.9% 
NaCl  in  one  patient,  air  in  the  other  5 )  or  a  single  dose  of  sur- 
factant (4  g  in  50  mL  diluent).  Within  48  hours  of  the  diag- 
nosis of  ARDS.  surfactant  was  administered  \-ia  bronchoscopy 
in  equal  aliquots  to  each  lobar  bronchus.  BAL  w  as  pert'oniied 
prior  to  initial  drug  administration  and  at  4  hours,  just  prior 
to  administering  the  alternate  therapy.  BAL  was  performed 
again  24  hours  after  initial  tlierap) .  Tliere  was  a  larger  increa.se 
in  PaO:  for  the  surtactant  group  (49  torr)  versus  controls  (9 
torr).  although  the  improvement  lasted  less  than  2  hours  in 
83'/(  of  the  patients  and  less  than  5  minutes  in  50%  of  the 
patients.  BAL  results  did  not  suggest  any  chiinge  in  the  infiam- 
matory  process,  but  the  level  of  phospholipids  3  hours  after 
mstillation  was  increased.  One  patient  died,  and  the  duration 
of  mechanical  ventilation  was  >  30  days  in  3  of  the  remain- 
ing 5  sur\ivors.  Lack  of  a  more  substantial  surfactant  response 
was  thought  to  be  partialis  related  to  the  relatively  low  dose — 
approximately  50-60  mg/kg.  Other  than  for  Exosurf,  which 
uses  67.5  mg  DPPC  kg  '  dose',  most  exogenous  surfactants 
are  administered  to  neonates  w  ith  RDS  in  doses  of  at  least  100 
mg  DPPC/kg  for  optimal  improvement. 
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Dose  and  Delivery  Issues 


Neonates 


The  method  used  to  administer  exogenous  surfactant  con- 
sists almost  exclusively  of  instilling  approximately  3-5  mL/kg 
surfactant  while  rotating  the  infant  to  optimize  alveolar  dis- 
tribution."" Exosurf  usually  is  administered  Uirough  a  side 
port  on  the  endotracheal  tube  adapter  while  the  infant  con- 
tinues to  receive  mechanical  breaths,  whereas  Survanta  is 
instilled  as  a  bolus  while  mechanical  ventilation  is  interrupted. 
Instilling  the  exogenous  surfactant  just  prior  to  the  first  breath 
of  life  has  been  shown  to  improve  surfactant  distribution. '"■' 
However,  most  neonates  require  tracheal  suctioning  at  birth. 
which  may  remove  the  administered  surfactant.  In  addition, 
the  exogenous  surfactant  is  given  before  the  infant  can  be 
assessed  for  respiratory  distress  and  may  be  unnecessary.'''** 
A  meta-analysis  by  Hennes  and  colleagues  **  did  not  dis- 
cern a  therapeutic  difference  between  surfactant  given  with 
the  first  breath  and  that  given  within  the  first  few  hours  of 
life.  The  OSIRIS  (Open  Study  of  Infants  at  High  Risk  of 
or  with  Respiratory  Insufficiency)  trial  of  Exosurf  suggests 
that  early  administration  to  high  risk  infants  reduces  mor- 
tality and  chronic  lung  disease  and  that  approximately  25% 
of  the  infants  who  were  given  prophylactic  surtactant  received 
it  unnecessarily.''' 

When  exogenous  surfactant  is  administered  after  the  first 
breath  of  life,  the  small  volume  of  surfactant  is  not  evenly 
distributed  throughout  the  lungs.'"-*  Increasing  the  instilled 
volume  improves  the  lung  distribution  pattern  and  is  asso- 
ciated with  clinical  improvement  in  animal  models.'"''"''  Van 
der  Bleek  and  colleagues'""  demonstrated,  in  an  adult  rab- 
bit model,  that  increasing  the  volume  instilled  from  2.2  mL/kg 
to  16  mL/kg.  with  a  constant  dose  of  100  mg/kg  surfactant. 
Gilliard  and  colleagues'"'^  randomly  varied  volume  (5  or  50 
mL)  and  dose  (50  or  160  mg)  in  noimal  and  oleic-acid-injured 
lungs  of  adult  rabbits  (mean  weight  of  3.4  kg).  In  the  nor- 
mal lungs,  the  larger  volume  ( 1 5  mL/kg  vs  1 .5  mL/kg)  resulted 
in  better  distribution;  the  concentration  had  no  effect.  Lung 
injur>'  resulted  in  a  fairly  even  distribution  with  both  the  low 
and  high  volume:  it  was  speculated  that  lung  edema  fluid  in 


the  airways  may  facilitate  distribution  of  exogenous  surfactant, 
as  in  neonates  receiving  exogenous  surfactant  with  their  first 
breath.  This  was  also  confirmed  by  O'Brodovich  and  col- 
leagues"" who  found  that  PaO;  rapidly  increased  after  50  mg 
lipid/kg  was  instilled  into  lungs  containing  large  amounts 
(20  mL/kg)  of  normal  saline  (NS,  0.9%  NaCl).  It  is  possi- 
ble that  the  NS  acts  as  an  enormous  hypophase  to  which  the 
exogenous  surfactant  adsorbs  and  rapidly  spreads  through- 
out the  lung. 

Adults 

In  adults,  instilling  2-16  niL/kg  of  exogenous  surfactant 
( 1 50- 1 . 1 CX)  mL  solution)  may  worsen  hypoxemia  until  the  fluid 
is  absorbed.  An  alternate  method  of  administration  is  to  neb- 
ulize the  surtactant.  Table  1 1  summarizes  some  of  the  advan- 
tages and  disadvantages  of  instilling  versus  nebulizing  exoge- 
nous surfactant.  Initial  studies  by  Lewis  and  colleagues'"* 
demonstrated  that  nebulization  was  superior  to  the  direct  instil- 
lation method  in  treating  preterm  lambs  with  Survanta  and 
in  adult  rabbits  with  NNNMU-induced  lung  injury,"'''  even 
though  only  2  or  5  mg  lipid/kg  reached  the  lung  when  neb- 
ulized versus  50  or  100  mg  lipid/kg  when  instilled  into  the 
lambs  or  rabbits,  respectively. 

The  underlying  pattern  of  lung  injury  can  influence  sur- 
factant distribution  and  its  physiologic  effect.  A  unifomi  lung- 
injury  pattern  created  by  total  lung  lavage  of  adult  sheep  was 
compared  with  a  nonuniform  lung-injury  pattern  created  by 
protecting  the  right  upper  lobe  (RUL)  during  lavage.""  The 
animals  then  received  either  nebulized  saline  or  Survanta  for 
3  hours.  The  distribution  pattern  was  similar  for  saline  and 
surtactant.  However,  a  greater  percentage  of  aerosol  particles 
was  deposited  in  the  protected  RUL  lobe — 50%  versus  20% 
of  particles  in  the  RUL  of  the  unifomi  lung-injury  pattem.  This 
preferential  deposition  of  nebulized  surfactant  to  uninjured 
lobe  blunted  the  physiologic  response  to  therapy.  Similar  to 
other  nebulization  studies,  approximately  2.5  mg  lipid/kg  was 
recovered  from  the  lung  tissue. 

In  another  study  of  a  nonunifomi  lung-injur\'  pattem  in  adult 
sheep  by  Lewis  and  colleagues." '  all  animals  received  total 
lung  lavage  followed  by  HCl  instillation  into  the  right  mid- 


Tublc  1  I .    Advantages  and  Disadvantages  of  the  Two  Most  Common  Methods  of  Exogenous  Surfactant  Administration 


Method 


Advantages 


Disadvantaees 


Instillation  Administer  large  quantities  over  short  period 

Minimal  drug  wasted 

Able  to  dispense  into  desired  lobe  via  bronchoscope 
Belter  delivery  to  injured  lung  regions  in  cases  of 
nonuniform  injury  pattern 

Nebulization  Equivalent  result  possible  with  sinaller  dose 

Optimal  distribution  in  uniformly  injured  lungs 
Uninterrupted  ventilation  during  administration 
Well  tolerated  by  patients 


Heterogeneous  distribution 

Potential  acute  ventilatory  impairment  due  to  airway 
obstruction,  especially  with  large  volume 


Normal  lung  units  receive  relatively  more  surfactant 

than  injured  areas 
Inefficient  (only  2-5%  deposits  into  the  lung) 
Potential  obstruction  of  ventilator  expiratory  filter 
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die  lobe  (RML)  and  the  lingula.  The  animals  were  treated  with 
either  nebulized  surlaclant  (Sur\anta)  or  NS  tor  3  hours  or 
with  instilled  surfactant.  The  sheep  given  nebulized  surfac- 
tant had  improved  oxygenation,  lower  P^co;-  iind  lower  peak 
inspiratory  pressures,  whereas  the  instilled  animals  had  a  sig- 
nificant increase  in  Paco;  15  minutes  after  instillation.  Approx- 
imately 8'Jf  of  the  total  aerosolized  surfactant  dose  was  recov- 
ered from  tlie  severely  injured  RML  and  lingula;  however  about 
50%  of  the  instilled  dose  was  recovered  from  these  areas.  The 
total  calculated  lipid  recovered  from  lung  tissue  was  approx- 
inialely  4.2  mg/kg  for  the  nebulized  group  versus  approxi- 
mately 63  mg/kg  for  the  instilled  group.  These  4  studies'"*"" ' 
demonstrate  that  nebulized  surfactant  can  produce  a  favor- 
able physiologic  response  with  only  a  fraction  of  the  dose  reach- 
ing the  lung  tissue.  They  also  demonstrate  that  a  major  dis- 
advantage of  nebulization  is  the  preferential  deposition  of 
aerosol  particles  into  the  normal,  well-ventilated  lung  seg- 
ments rather  than  into  those  that  are  more  severely  injured. 

In  several  adult  human  studies,  nebulizers  were  used  to 
administer  surfactant.  Two  adult  synthetic  surfactant  studies 
already  described  '*-"  used  a  special  nebulizer  that  is  activated 
by  electronic  connection  to  the  ventilator.  An  early  version 
of  this  Vortran  Intermittent  Signal  Activated  Nebulizer, 
(VISAN-8  [VN-8/V1-4].  Vortran  Medical  Technology  Inc. 
.Sacramento  CA)  initiates  nebulization  at  the  beginning  of  the 
inspiratory  cycle  and  provides  tlow  to  deliver  one  half  the  Vx. 
with  the  remainder  delivered  by  the  ventilator.  "-■'"  The  neb- 
ulizer produces  respirable  particles  with  a  mass  median  aerosol 
diameter  of  2  to  3.5  jum.  depending  on  operating  conditions. 
Its  maximum  aerosol  output  is  stated  to  be  36.6  ^iL/L  carrier 
gas  at  a  nozzle  pressure  of  30  psi,  with  the  concentration 
decreasing  as  pressure  is  either  increased  or  decreased."-  Up 
to  three  jets  can  be  used  to  maximize  flow  and  output.  Improve- 
ments were  made  to  this  model,  resulting  in  the  VISAN-9."'' "'' 
The  VlSAN-9  nebulizes  during  the  expiratory  phase,  filling 
the  inspiratory  liinb  of  the  breathing  circuit  with  aerosol  as 
the  patient  expires  so  that  the  next  inspiration  is  charged  with 
surfactant  pailicles.  This  method  allows  ft)r  a  larger  volume 
of  aerosol  to  be  delivered  with  each  breath,  such  that  approx- 
imately 759r  of  the  Vi  contains  aerosol. 

A  major  equipment  concern  w  hen  surfactant  is  nebulized 
through  ventilators  is  the  risk  of  occluding  expiratory-limb 
filters.  As  noted  previously.''^"  filters  can  become  occluded 
resulting  in  a  cascade  of  adverse  events  (eg,  barou-auma,  hemo- 
dynamic sequelae,  and  possibly  death).  To  protect  the  ven- 
tilator filter  a  commercially  available,  heated  expiratory  fil- 
ter (Star  Exhalation  Isolation  System,  Infrasonics.  San  Diego 
CA)  has  been  used  as  a  prefilter.  A  bench  evaluation"'  demon- 
strated a  prefilter  life  of  approximately  7  hours  (range  5.3-9.0 
h).  Hcnvever.  the  prefilter  was  ch;inged  at  4-hour  intervals  dur- 
ing the  clinical  trials  to  provide  an  extra  margin  of  safety.  In 
spite  of  this  precautit)n,  partial  prefilter  occlusion  occurred. 

The  VISAN-9  nebulizer  measures  resistance  to  flow  and 
monitors  filter obstnaction."''  It  alarms  when  a  resist;ince  equiv- 


alent to  4  cm  H^O  •  min  100  L  '  is  sensed.  An  unheated  aerosol 
filter  (Millipore  Coip,  Bedford  MA)  was  produced  that  was 
effective  for  11-13  hours  before  the  VISAN-9  filter  alarm 
sounded:  when  changed  at  this  frequency,  it  protected  the  ven- 
tilator filter  for  at  least  4H  hours."''  This  nebulizer  proved  to 
be  much  easier  and  safer  than  the  VISAN-8  and  was  used  in 
the  subsequent  adult  study.'™'  In  spite  of  increased  ea.se  of  use 
and  safety,  caution  must  still  be  maintained,  especially  when 
the  nebulizer  is  used  with  a  patient  whose  compliance  is 
improving.  A  bench  study  has  determined  that  activation  of 
tlie  nebulizer  during  expiration  causes  a  slight  increase  in  mean 
(SD)  peak  inspiratory  pressure  [2.7  (2.2)%],  Vj  [3.3  (2.1)%], 
and  PEEP  [0.7  (0.5)  cm  HiO]:  a  modest  increase  in  the  actual 
time  to  fully  exhale  [22.3  (7.5)%]:  and  slight  reduction  in  peak 
expiratory  flow  [7.0  (6.8)%].'"  These  eft'ects.  which  were  exag- 
gerated by  increasing  compliance  and  by  manipulations  that 
decreased  expiratory  time,  may  lead  to  the  development  of 
air-trapping.  Monitoring  peak  expiratory  flow  may  provide 
an  early  indication  of  filter  occlusion,"**  and  waveform  graph- 
ics can  help  detect  the  lengtliened  time  to  fully  exliale  and  resul- 
tant air-trapping. 

Concluding  Remarks 

With  the  favorable  response  in  neonates  with  RDS.  the  pos- 
itive results  of  animal  studies,  and  the  encouraging  trends  in 
small  adult  trials,  why  did  synthetic  surfactant  therapy  not  prove 
successful  in  the  large  ARDS  trial?  There  are  at  least  five  pos- 
sible rea.sons.  First,  the  delivered  dose  may  have  been  too  small. 
Infants  are  normally  given  67.5  mg  of  DPPC/kg  of  instilled 
Exosurf.  Anzueto  et  al'""  nebulized  a  concentration  of  13.5 
mg  DPPC/mL  for  up  to  1 20  hours.  The  VISAN-9  nebulizer 
aerosolizes  approximately  40  g/h""*  (or  40  mL/h)  and  about 
4.5%  of  the  particles  delivered  are  deposited  to  the  lungs."'* 
This  calculates  to  a  maximum  5-day  total  dose  of  approxi- 
mately 42  mg/kg  for  a  70-kg  person  or  8.4  mg  DPPC  •  kg"' 
■  day"'.  Second,  the  surfactant  preparation  itself  may  not  be 
optimal.  Although  Exosurf  has  proven  effective  in  neonates, 
it  has  not  performed  a.s  well  as  other  preparations  in  most  com- 
parisons of  functionality.  More  comparisons  of  the  various 
surfactant  agents  with  each  other  are  needed  to  help  identify 
the  ideal  agent.  The  next  generation  of  exogenous  surfactant 
agents  will  probably  be  based  on  synthetic  hydrophobic 
polypeptides,  mimicking  the  structural  and  biophysical  prop- 
erties of  SP-B  and  SP-C.'-"  Third,  the  ideal  delivery  method 
has  yet  to  be  determined.  Although  nebulization  offers  many 
advantages  (Table  1 1 ),  it  does  not  promote  deposition  in  the 
diseased  regions  of  a  lung  that  has  sustained  a  nonuniform 
injury.  It  is  possible  that  a  combination  of  instilling  surfac- 
tant into  the  affected  areas  and  nebulization  may  have  a  role 
in  adult  surfactant  delivery. ' '"  Fourth,  timing  of  the  initial  dose. 
in  relation  to  the  disease  process  may  be  important.  It  is  pos- 
sible that  the  sepsis  patients  in  the  three  cited  studies^*'^'"" 
were  given  the  initial  dose  of  synthetic  surfactant  too  late  in 
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the  disease  course  and  that  too  much  damage  had  already 
occurred  to  the  pulmonary  surfactant  system.  Fifth,  the  dis- 
ease process  itself  could  be  a  factor.  It  may  be  that  sepsis- 
induced  ARDS  cannot  have  a  strong  response  to  surfactant 
replacement  therapy.  ARDS  is  a  surfactant-deficient  condi- 
tion, but  in  sepsis  the  surfactant  abnormalities  are  likely  sec- 
ondar>'  to  the  intlammator>'  response  to  mediators  and  not  the 
primary  cause  of  the  ARDS.  It  is  possible  that  ARDS  of  other 
etiologies  may  respond  more  favorably  to  surfactant  therapy. 
In  summary,  evidence  that  lung  injury  is  related  to  sur- 
factant dysfunction  exists.  Although  exogenous  surfactant 
has  proven  beneficial  for  neonates  with  RDS,  it  has  not  proxen 
beneficial  in  adults  w  ith  ARDS.  Further  research  is  needed 
to  determine  the  ideal  preparation,  dose,  delivery  method, 
optimal  timing  of  administration,  and  specific  disease  pro- 
cesses in  which  it  may  be  beneficial. 
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Haas  Discussion 

Hurst:  I'll  break  the  iee.  One  of  the 
thi))i;s  Ihal  has  always  eiincemed  n)e 
about  adininisteting  a  compound  that 
had  lo  he  aerosolized  with  a  p;ti1icle  size 
less  than  ideal  is  particle  distribution. 
You  know  it  is  going  to  he  distributed 
to  those  parts  of  the  lung  that  are  well 
aeraleil  ;ii)d  not  to  the  parts  of  the  lung 
thai  |irobably  really  need  the  drug.  That 
likewise  brings  up  a  very  interesting 
point:  the  timing  of  the  adi))inisii-ation 
in  adult  sepsis-induced  ARDS.  I  think 
any  of  these  compounds  that  ivquiie 
aerosoli/ation.  (with  the  exception,  per- 
haps, of  the  hydrocarbons  that  we're 
going  to  talk  about  niontentarily )  they 
lue  going  to  have  to  be  introiluced  when 
the  ptitient  is  at  risk  fordevek)pment  of 
ARDS,  prior  to  the  time  it  is  developed. 
I'm  sure  Rich  (Branson)  will  lemetnber 
a  stii'gical  resident,  Stc\e  Tcnnoiburg. 
in  Cincinn;iti  \\  ho  was  looking  at  radio- 
acti\  e  phosphorous  lung  scans  to  try  to 
select  out  a  group  of  patients  who  were 
at  risk  for  ARDS  after  their  insult.  Tieat- 
ment  was  based  on  this  pivdicii\e  scan. 
The  problen)  was  that  the  i))olccule  was 
too  sntall.  Pore  size  in  the  lung  readils 
allowed  passage  of  the  cottipound.  ptu- 
ticularly  in  smokers  and  patients  with 
pre-existing  lung  disease.  lo  the  point 
they  had  ;ibnormal  lung  scans.  ."Xs  a 
baseline.  I  think  the  technical  challenge 
to  all  of  us  is  to  be  able  to  |ircdicl  when 


patients  are  going  to  be  at  greatest  risk. 
We  certainly  have  a  treatment  window 
to  use  compounds  like  this,  and  poten- 
tially others,  but  I  think  we'ie  using  it 
too  late. 

Slutsky:  I  agree  with  you.  .Tim.  Studies 
looking  at  various  cytokines  shov\  that 
quite  early  on.  you  can  predict  which 
patients  are  going  to  go  on  to  de\  elop 
ARI^S  with  a  reasontible  probability.  For 
this  study',  tiauma  patients  were  admit- 
ted and  had  a  mini  lavage.  They  didn't 
necessarily  have  any  evidence  of  lung 
injtir\ .  but  an  elevated  interleukin-8  (IL- 
8)  predicted  quite  well  which  ones  wei"e 
going  to  go  on  to  develop  ARDS.  The 
other  problen)  fiont  the  data  yoti  pre- 
sented is  that  Hxosurf  was  studied  the 
niost.  When  yoti  presented  all  the  ani- 
ni;il  data  anti  ;ill  the  in  \itro  data,  it 
seoned  like  that  was  the  worst  surfac- 
tant to  use.  wasn't  it'.'  I  mean,  you  could 
almost  predict  Iron)  the  aniiDal  sttidies 
that  it  v\i)uldn't  work.  It's  ttnfortunale 
thill  what  is  [X-rhaps  one  of  the  worst  sui- 
factants  was  used  for  that  large  trial. 

I.  Donnelly  SC.  Stricter  RM,  Kunkcl  SL. 
Walz  A.  Robertson  CR.  Carter  DC,  et  al. 
hitcrleukin-8  :uid  development  of  adult  res- 
piratory distress  syndrome  in  at-risk  patient 
groups.  Lancet  1993:.341(S846):643-647. 

Haas:  I  think  that  the  rationale  lo  con- 
duct the  large  adult  trial  was  based  on 
the  fact  that  ( 1 )  Exosurf  had  proven  to 


be  so  effective  with  neonates,  and  (2) 
the  initial  studies  that  were  repoiled  by 
Weg  et  al'  and  Weidemann  et  al- 
appeaied  to  show  itnproved  mortality. 

1 .  Weg  JG.  Reines  H.  Balk  R.  Tharratt  R. 
Kearney  P.  Killian  T.  et  al.  and  the  Exo- 
surf-ARDS  Sepsis  Study  Group.  Safety 
and  efficacy  of  an  aerosolized  surfactant 
( Exosurf)  in  human  sepsis-induces  ARDS. 
Chest  1991:100(2):137S. 

2.  Weidemann  H.  Baughman  R.  DeBois- 
blanc  E,  Shuster  D.  Caldwell  E.  Weg  J. 
et  al.  and  the  Exosurt-.ARDS  Sepsis  Study 
Group.  A  mullicenter  trial  in  human  sep- 
sis-induced ARDS  of  an  aerosolized  syn- 
tlietic  surfactant  (E.xosurt).  .Am  Re\  Respir 
Dis  1992:145:AI84. 


Kacmarek:  As  a  general  question  to 
everybody,  considering  the  v aryi)ig  eti- 
ology of  .ARDS.  can  we  really  expect 
surfactant  in  adults  lo  have  any  signif- 
icant effect  on  the  overall  outcome  of 
the  disease  as  conipared  to  what  we  see 
in  neonates  where  you  have  a  singular 
injury'.'  Are  we  really  chasing  sontelhing 
that  tiiay  onK  have  a  beneficial  effect 
in  an  extroDclv  sntall  percent  t)f  adult 
.ARDS  patients  who  we  aie  unable  to 
identify  yet'.' 

Slutsky:  Tliere  is  no  coirect  answei;  Bob. 
The  predis|-iosing  factors  vary  tremen- 
dously, and  the  pathogenesis,  obviously, 
is  different.  On  the  other  htind.  if  you 
look  at  the  pulnionary  tDechanics.  it's 
pietty  hard  to  tell  patients  apart.  If  1 
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showed  you  the  pressure-volume  curves 
and  other  mechanical  aspects  of  the  lung, 
they  look  pretty  much  the  same.  That's 
what  this  is  supposed  to  treat.  That  the 
reason  the  mechanics  are  abnormal  is. 
in  fact,  surfactant  dysfunction  in  all  of 
these  cases.  I'm  not  sure  is  known  for 
certain.  You  can  make  an  argument  that 
that's  a  final  common  pathway.  If  it's  the 
surfactant  dysfunction  that's  causing  the 
change  in  mechanics,  and  if  you  then 
ventilate  and  worsen  the  injury,  then 
maybe  you  could  have  an  impact  w  ith 
exogenous  surfactant,  even  if  there  are 


diverse  etiologies  for  ARDS.  It's  clearly 
easier  in  neonates.  Not  only  is  there  a 
common  disease  process,  but  you  know 
exactly  the  time  that  the  disease  starts. 
That's  a  problem  in  adults. 

Branson:  Carl,  is  the  manufacturer 
going  to  pursue  bronchoscopic  instil- 
lation, perhaps,  with  Exosurf?  I  have 
always  felt  the  biggest  problem  with  that 
entire  study  was  delivering  it  through 
that  aerosol  system,  which  turned  out 
to  be  more  trouble  than  it  was  worth.  It 
might  have  been  more  useful  to  put 


somebody  on  some  kind  of  lateral  rota- 
tion and  then  just  instill  it  every  4  hours 
with  a  bronchoscope.  I  don't  know — 
maybe  the  other  preparations  are  going 
that  way. 

Haas:  I'm  not  aware  of  any  future  plans 
for  adult  studies  using  Exosurf. 

Hurst:  At  the  last  investigators'  meet- 
ing a  year  or  so  ago,  study  results  were 
released.  Unless  something  has  changed 
since  then,  they  had  no  intention  of  pur- 
sumg  it  any  further,  at  least  in  adults. 


Understand. 

Adapt. 

Prosper! 
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Introduction 

Despite  advances  in  our  understanding  and  in  technology, 
acute  respiratory  distress  syndrome  (ARDS)  continues  to  be 
a  complex  entity  that  taxes  the  skills  and  resourcefulness  of 
clinicians  worldwide.  The  evolution  of  mechanical  ventila- 
tion techniques,  many  of  which  have  been  eloquently  descnbed 
during  this  Conference,  has  rekindled  an  interest  in  methods 
that  are  unique — ie,  very  different  froin  traditional  therapy. 
One  such  method  is  liquid  breathing. 

The  concept  of  liquid  breathing  is  an  old  one.  At  the  Uni- 
versity of  Cincinnati  and  Cincinnati  Children's  Hospital  dur- 
ing the  1960s.  Leiand  Clark  and  his  co-workers  studied  the 
possibility  of  liquid  breathing  in  animals.  More  recently, 
liquid  ventilation  has  been  applied  in  adults  and  children 
in  limited  studies. 

Liquid  breathing  is  typically  separated  into  two  categories, 
tidal  or  total  liquid  ventilation  (TLV)  and  partial  liquid  ven- 
tilation (PLY)  also  refeued  to  as  pertluorocarbon-associated 
gas  exchange  (PAGE).  With  both  techniques,  the  lung  is  filled 
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to  functional  residual  capacity  (FRC)  with  perfluorocarbon. 
With  TLV,  tidal  volume  (Vt)  is  also  liquid  and  requires  a  spe- 
cial ventilator;  it  is  the  more  experimental  of  the  two  tech- 
niques. Vj  during  PLV  is  breathing  gas.  and  a  conventional 
gas  ventilator  is  used  to  delixer  the  V  i .  The  liquid  portion  of 
ventilation  can  be  considered  'liquid  PEEP"  (positive  end-expi- 
ratoiA'  pressure )  because  gas  exchange  between  the  atmosphere 
and  the  alveoli  (oxygen  delivery  and  carbon  dioxide  removal) 
continues  to  be  accomplished  by  gas  ventilation. 

Early  Evidence  on  Eiquid  Ventilation 

Early  efforts  by  Kylstra  et  al'  showed  that  a  canine  model 
could  be  ventilated  using  hyperbarically  oxygenated  normal 
saline  (NS,  0.9%  NaCl).  Although  this  technique  was  successfijl 
over  the  short  term,  it  suffered  several  shortcomings.  The  main 
shortcoiTiing  was  the  low  solubility  of  oxygen  in  NS  (2  iiiL 
O2/IOO  mL  NS).  making  oxygen  transfer  to  the  alveoli  inef- 
ficient. Another  shortcoming  was  the  viscosity  of  NS.  Ven- 
tilating a  lung  v\ith  gas  requires  attention  to  time  constants 
and  the  ratio  of  inspiratory  to  expiratory  time.  These  factors 
are  tnagnified  10-fold  during  TLV.  Movement  of  a  liquid  in 
and  out  of  the  numerous  bifurcatiotis  of  the  naiTovv  tracheo- 
bronchial tree  requires  prolonged  inspiiaiorv  time  and  expi- 
ratory time.  Maximum  respiratory  frequeticv  during  TLV  is 
typically  <  8  breaths/min.  Finally,  surfactttnt  is  soluble  in  NS. 
Hypercapnia  and  hypoxeinia  resulting  from  surfactant  washout 
proved  to  be  technical  problems  that  could  not  be  overcome 
when  NS  was  used.  Of  ititerest  is  that  researchers  today  com- 
monly use  surfactant  washout  with  NS  in  atiimals  to  produce 
a  model  of  ARDS. 

Iti  1 966.  Clark  and  Gollan-  demonstrated  that  mice  could 
be  successfully  supported  w  hile  submerged  in  an  oxygenated 
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perfluorocarhon.  This  historic  study  launched  research  into 
hquid  breathing  techniques  by  professionals  w ith  such  di\erse 
interests  as  hyperbaric  and  aerospace  medicine,  hypo-  and 
hyperthemiia.  developmental  physiology,  and  lung  mechan- 
ics. Clark  was  famous  for  holding  a  mouse  under  perfluo- 
rocarbon  for  visitors  to  his  lab  and  watching  the  guests  mar- 
vel as  the  animal  thri\ed. 

The  Nature  of  Perfluorocarbons 

Perfluorocarhon  liquids  are  a  class  of  compounds  with  prop- 
erties ideally  suited  for  liquid  breathing.^  Perfluorocarbons 
have  high  gas  solubilities  (50  niL  O2/IOO  mL  perfluorocar- 
hon in  1009f  O:  at  1  atm).  The  viscosity  of  perfluorocarbons 
is  somewhat  less  than  water,  and  the  surface  tension  (14-20 
dyn/cm)  is  very  low.  about  20-2.5^  that  of  NS.  Perfluoro- 
carbons are  also  biologically  inert,  nonabsorbable,  and,  most 
importantly,  immiscible  with  native  or  exogenous  surfactant. 
Like  NS.  peifluorocarbon  liquids  decrease  the  alveolar  gas- 
liquid  interface,  thereby  improving  alveolar  compliance. 
Because  the  process  improves  ventilation  and  because  the  car- 
rier liquid — perfluorocarbon — is  immiscible  with  surfactant, 
perfluorocarbons  can  improve  ventilation-perfusion  match- 
ing and  parenchymal  compliance. 

Currently  available  commercial  products  are  produced  by 
an  electrochemical  process;  the  organic  compound  is  elec- 
trolyzed  with  anhydrous  hydrofluoric  acid.  This  lends  ther- 
mal stability  to  the  molecule  at  temperatures  up  to  400°  C. 
The  boiling  points  of  pertluorocarbons  are  much  lower  than 
those  of  their  native  organic  compounds,  allowing  them  to 
vaporize  at  body  temperature  and  making  them  suitable  for 
instillation  into  the  tracheobronchial  tree. 

Tidal  Liquid  Ventilation 

Early  studies  concentrated  efforts  on  tidal  liquid  ventila- 
tion to  investigate  the  effect  of  both  NS  and  perfluorocarbons 
on  pulmonary  function  after  bnef  periods  of  ventilation."''^  They 
reported  adequate  maintenance  of  arterial  oxygen  tensions: 
however,  progressive  respiratory  acidosis  that  was  reversed 
after  return  to  gas  breathing  was  obsened.  Another  interesting 
observation  following  the  return  to  gas  breathing  was  a  decrease 
in  pulmonary  compliance  that  persisted  for  approximately  24 
hours.  Surviving  animals  were  followed  for  up  to  1  yeiu"  after 
treatment  and,  at  the  time  of  sacrifice,  were  found  to  have  essen- 
tially normal  lung  function.  These  in\'estigators  also  observed 
that  residual  peifluorocarbon  remained  within  the  nonnal  lung 
for  at  least  1  year  after  treatment.  Other  researchers  have 
observed  residual  perfluorocarbon  in  trace  amounts  for  as  long 
as  2  years  after  treatment."' 

Other  studies  combined  synthetic  fluids  consisting  of  per- 
tluorocarbons and  polysiloxane  to  support  air-breathing  mam- 
mals.^ Varying  degrees  of  pulmonary  pathology  were  seen 
in  many  of  these  animals,  and  those  in  which  pulmonary 


changes  were  most  severe  did  not  survive.  These  pathologic 
changes  included  focal  atelectasis,  leukocyte  infiltration  into 
atelectatic  aieas,  alveolitis,  bronchitis  and  peribronchitis,  alve- 
olar edema  and  hemon  hage.  and  perivascular  edema  and  hem- 
orrhage. The  conclusion  of  these  researchers  was  that  the 
abnormal  pathology  resulted  from  exposure  to  the  polysilox- 
ane compounds  rather  than  from  exposure  to  the  perfluoro- 
carbons. Other  interesting  observations  were  noted  in  the  eiuly 
days  of  TLV — Modell  et  al,'"  studying  a  canine  model,  ob- 
served a  thick  mucoid  material  washing  out  of  the  lungs  dur- 
ing the  first  10  minutes  of  TLV.  It  would  not  be  appreciated 
until  much  later  that  pulmonary  lavage,  by  washing  mucus 
and  alveolar  debris  from  the  lung,  might  be  important  to  restor- 
ing FRC. 

Once  it  became  obvious  that  TLV  was  possible  for  an 
extended  period,  researchers  began  to  concentrate  on  the 
uptake,  distribution,  and  excretion  of  these  compounds  from 
intact  animals  models."  Absence  of  excess  perfluorocarbon 
in  urine  suggested  that  these  compounds  were  neither  actively 
metabolized  nor  excreted  unchanged  in  the  urine.  Distribu- 
tion in  the  intact  animal  depended  on  the  lipid  concentration 
of  involved  tissues.'-"  The  demonstration  of  vacuolated 
macrophages  in  the  lungs  was  consistent  with  the  observa- 
tion that  minute  quantities  of  perfluorocarbon  remained  in 
the  lung  more  than  a  year  after  the  study.'""  The  issue  of 
increased  Paco:  was  partially  solved  by  ventilating  animals 
at  a  rate  of  4-5  breaths/min  and  allowing  a  prolonged  inspi- 
ratory time  (4-5  s)  to  account  for  the  long  time  constant  of 
perfluorocarbon  liquid.'"* '"' 

After  the  mechanically  assisted  tidal  ventilation  system 
effectively  eliiriinated  the  problem  of  hypercapnia.  a  persistent 
metabolic  acidemia  was  observed  during  liquid  breathing. 
This  observation  was  subsequently  attributed  to  a  concomitant 
48%  decrease  in  cai"diac  output.  In  the  absence  of  both  hypox- 
emia and  hypercapnia.  extensive  redistribution  of  ca]"diac  out- 
put occurs  in  a  normothermic  system.  Myocardial  blood  flow 
was  observed  to  be  decreased  by  as  much  as  36%  and  may 
account  for  the  decrease  in  cardiac  output.  Akhough  the  mech- 
anisms have  not  been  completely  elucidated,  possible  expla- 
nations include  an  increase  in  pulnionary  vascular  resistance 
of  the  fluid-tilled  lung  and  a  decrea.se  in  coi"onai7  blood  flow, 
resulting  in  myocardial  ischemia — either  of  these  could  alter 
the  contractile  characteristics  of  the  left  ventricle."''''' 

Newborn  animal  models  of  both  respiratory  distress  syn- 
drome and  meconium  aspiration  comprised  the  next  wave  of 
reseai"ch  on  liquid  \'entilation.  Studies  supported  the  eaily  con- 
tention that  this  technique  supported  adequate  ventilation  in 
an  immature  newborn  porcine  model.  In  addition  to  the  lack 
of  an  observable  decrease  in  phospholipid  synthesis,  the  ininia- 
ture,  atelectatic  lung,  if  supported,  was  capable  of  increased 
lecithin  synthesis — necessary  for  lung  maturity.'** 

In  a  lamb  n"iodel  of  meconium  aspiration,  studies  demon- 
strated that  pulmonary  blood  flow  in  a  liquid-filled  lung  w  as 
more  evenly  distributed  than  in  the  gas-filled  lung.''  An 
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increase  in  pulmonary  compliance  was  noted,  indicative  of 
more  uniform  ventiiatit)n  with  the  elimination  of  the  Hquid- 
air  interface.  That  pulmonary  vascular  resistance  is  increased 
during  liquid  ventilation  was  subsequently  proven  to  be  the 
result  of  the  mechanical  interaction  of  the  alveolar-vascu- 
lar interface  during  liquid  ventilation.'''-" 

The  major  roadblock  in  the  development  of  TLV  remains 
the  absence  of  a  mechanical  technology  for  deli\'ering,  wiumi- 
ing,  and  oxygenating  the  pertluorocarbon.  In  the  natural  ver- 
sion of  liquid  breathing,  as  occurs  in  fish,  the  liquid  passes 
over  the  gills  under  pressure  and  is  eliminated  through  the 
operculum.  This  unidirectional  system  is  ideal  for  liquid 
breathing  and  eliminates  the  concerns  of  resistance.  How- 
ever, the  to-and-fro  system  of  the  human  lung  with  its  numer- 
ous bifurcations  and  narrow  airways  resists  the  movement 
of  the  liquid.  Liquid  \entilators  are  sure  to  be  mai-vels  of  tech- 
nology, addnig  a  new  branch  to  current  classification  schemes. 
However,  these  technical  difficulties  and  the  inherent  resis- 
tance of  the  human  lung  to  liquid  movement  relegates  TLV 
to  a  purely  experimental  technique. 

Partial  Liquid  Ventilation 

PLV  takes  advantage  of  the  ability  of  the  liquid-alveolar 
interface  to  improve  pulnu)nai'\  compliance,  while  eliminating 
the  need  for  special  ventilatory  technology.  During  PLV.  a 
volume  of  perfluorocarbon  approximately  equal  to  FRC  is 
added  to  the  lungs.  This  amount  is  estimated  to  be  30  niL/kg 
or  about  2,4(X)  mL  in  an  average-size  adult.  Alternatively,  per- 
fluorocarbon is  added  until  at  end-expiration,  in  the  absence 
of  PEEP,  a  meniscus  can  be  seen  in  the  endotracheal  tube.  Tidal 
(gas)  ventilation  is  then  instituted  over  the  'liquid  FRC."  Res- 
piratory gas  exchange  occurs  as  gas  travels  along  the  airways 
directly  to  some  alveolar  units  and  by  forming  bubbles  in  the 
peril uorociu'bon  reser\c)ir.  Respiratory  gas  tensions  in  the  per- 
fluorocarbon and  individual  gas  bubbles  add  or  reinove  oxy- 
gen and  carbon  dioxide  according  to  their  respective  partial- 
pressure  differences.  Under  inspiratory  positive  pressure,  the 
liquid  is  forced  outward  to  accommodate  the  gas  Wj.  At  end- 
expiration,  the  pertluorocarbon  returns  to  its  previous  posi- 
tion. Because  of  the  resistance  to  liquid  flow,  the  gas  exits  the 
lung  ahead  of  the  liquid. 

Another  potential  advantage  of  this  technique  is  the  liq- 
uid-PEEP effect.  The  low  surface  tension  of  peiiluorociubons 
allows  equal  distribution  of  fluid  throughout  the  entire  lung. 
However,  liquid  PEEP  is  preferentially  applied  to  the  depen- 
dent lung  regions.  For  a  patient  in  the  supine  position,  the  dor- 
sal ( most  dependent)  regions  receive  a  higher  level  of  PEEP 
as  a  consequence  of  the  height  of  the  liquid  column  within 
the  lung.  The  \entral  or  independent  regions  receive  a  lower 
PEEP  because  lhc\  arc  near  the  top  of  the  liquid  column.  Given 
the  concern  about  maldistribution  of  inspired  gases  during  tra- 
ditional gas  \enlilation.  the  de\elopmenl  of  \olutrauma  from 
over-stretching  normal  aheolar  units,  and  the  propensity  of 


gas  to  follow  the  path  of  least  resistance  (to  independent,  nor- 
mal alveoli),  PLV  offers  clear  advantages. 

Early  animal  studies  with  this  technique  revealed  that  effec- 
tive gas  exchange  occurred  with  elimination  of  surface  ten- 
sion, improved  pulmonary  blood  flow,  and  gas  exchange  in 
conjunction  with  support  by  conventional  techniques.-' -* PLV, 
in  addition  to  being  simpler  to  use  than  TLV,  offers  the  obvi- 
ous advantages  of  tidal  gas  ventilation  and  perfluorocarbon- 
maintained  FRC.  Assisted  tidal  ventilation  obviates  the  need 
for  the  participation  of  alveolar  air  in  gas  exchange  during 
expiration  by  purging  CO:  i^nd  bubble-oxygenating  the  per- 
fluorocarbon reservoir.  This  technique  also  provides  a  medium 
with  low  surface  tension  to  facilitate  bubble  formation  and 
expansion  throughout  inspiration  and  reduces  surface  tension 
along  much  of  the  alveolar  surface  where  the  perfluorocar- 
bon lies  against  the  alveolar  lining.  Studies  using  PLV  in  ani- 
mal models  of  both  lung  immaturity  and  ARDS  have  provided 
several  key  observations.-'"-^ 

•  Distribution  of  gas  to  dependent  regions  of  the  lung  is  min- 
imal during  gas  ventilation  in  the  setting  of  respiratory  fail- 
ure (Fisi.  I ). 


Fig,  1,  Excised  animal  lungs  that  had  been  ventilated  with  partial 
liquid  ventilation.  Ventilation  is  uniformly  distributed  among  depen- 
dent lung  units.  From  Reference  29,  with  permission. 
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Dislribiition  of  the  ventilating  mediinn  is  more  uniform 
in  liquid  \entilaiion  when  compared  to  gas  ventilation  in 
the  setting  of  lung  injury  (Fig.  2). 
Gas  exchange  and  pulmonary  function  are  improved  dur- 
ing liquid  ventilation  as  compared  to  gas  ventilation. 
There  is  histologic  evidence  of  reduced  lung  injury  fol- 
lowing liquid  ventilation  when  compared  to  gas  ventila- 
tion (Fig.  3). 


Fig.  2.  Excised  animal  lungs  that  had  been  ventilated  using  pres- 
sure-control ventilation.  Gas  distribution  is  not  uniform.  Patchy 
areas  of  inflation/atelectasis  can  be  seen. 


Hirschl  and  colleagues-**  compared  the  CT  images  of  an 
animal  model  of  ARDS  to  those  of  patients  in  the  clinical  set- 
ting and  confirmed  (as  had  been  previously  shown  in  patients 
with  ARDS)  that  atelectasis,  consolidation,  and  accumula- 
tion of  exudate  occurs  in  the  dependent  regions  of  the  lung. 
Ventilation  with  a  liquid  medium  may  improve  gas  distri- 
bution and  result  in  washout  of  the  exudate  in  the  atelectatic 
regions.  The  marked  decrease  in  inflammatory  reaction  in 
the  regions  of  the  lungs  ventilated  with  the  liquid  medium 
raises  interesting  questions  regarding  the  overall  role  of  per- 


fluorocarbons.-"  Vimiani  et  aP"  investigated  the  effect  of  per- 
fluorocarbon  blood  substitutes  on  human  neutrophil  func- 
tion. Human  neutrophils  exposed  to  perfluorocarbons  showed 
a  marked  inhibition  of  chemotactic  and  phagocytic  responses. 
Tliese  effects  appear  to  be  dose  dependent.  Smith  et  al"  inves- 
tigated the  production  of  reactive  oxygen  species  (oxygen 
free  radicals)  by  alveolar  macrophages  exposed  to  liquid  per- 
tluorocarbon  chemicals.  Respiratory  burst  activity  of  alve- 
olar macrophages,  as  measured  by  hydrogen  peroxide  pro- 
duction and  chemiluminescence,  were  markedly  decreased 
when  compared  to  nonexposed  cells.  Further  studies  iue  pend- 
ing regarding  the  nonspecific  anti-intlammatory  properties 
of  the  perfluorocarbons. 

Recent  Studies  on  Liquid  Ventilation 

In  a  small  series  of  adult  patients  with  ARDS'-  and  in 
another  of  pediatric  patients.''  all  on  extracoiporeal  life  sup- 
port. PLV  was  associated  with  improvements  in  gas  exchange 
and  pulmonary  compliance.  A  multicenter  human  trial  is  cur- 
rently underway  in  the  United  States.  A  total  of  60  patients 
have  been  studied.  These  include  neonates  with  respiratory 
distress  syndrome  and  adults  and  children  with  ARDS.  Inclu- 
sion criteria  for  the  ARDS  population  are  bilateral  pulmonary 
infiltrates,  Puo.^/FiO:  75-200  (Fio;  >  0.5).  and  pulmonale  cap- 
illai7  wedge  pressure  <  18  mm  Hg.  Exclusion  ciiteria  include 
a  history  of  congestive  heart  failure  with  a  pulmonary  cap- 
illary wedge  pressure  >  1 8  mm  Hg,  chronic  obstructive  pul- 
monary disease,  bilirubin  >  4  mg/dL.  creatinine  >  5  mg/dL. 
intracranial  pressure  >  25  mm  Hg  or  Glasgow  Coma  Scale 
score  <  8.  death  expected  within  30  days,  pregnancy  and  lac- 
tation, interstitial  lung  disease,  bronchopleural  fistula,  and  HIV 
infection.  The  initial  dose  is  2.5-5.0  mL/kg  increasing  to  pre- 
dicted FRC  (approximately  30  mL/kg).  Pertluorocarbon  is 
'trickled  in"  through  a  side  port  in  the  endotracheal  tube  con- 
nector. The  administration  of  this  initial  dose  requires  90-120 
minutes.  When  a  meniscus  is  seen  in  the  endotracheal  tube 
with  the  patient  on  zero  PEEP,  instillation  is  considered  com- 
plete. Weaning  from  partial  liquid  ventilation  is  to  be  accom- 
plished between  24  and  48  hours.  In  the  Phase-I  and  Phase- 
II  pilot  studies.  78%  of  the  patients  had  sepsis  and/or 
pneumonia.  Seventy-eight  percent  of  all  patients  were  alive 
at  28  days  and  44%  were  alive  as  of  April  1995.  The  mortality 
predicted  by  Apache-Il  scores'"*  was  60%  for  this  group  of 
patients.  These  data  are.  as  yet,  unpublished. 

In  Summary 

Perfluorocarbons  are  an  interesting  family  of  compounds 
capable  of  providing  adequate  gas  exchange,  improvement 
in  pulmonary  compliance,  and  redistribution  of  pulmonary 
blood  flow  in  both  animal  models  and  human  studies  of  acute 
lung  injury.  Although  all  the  mechanisms  that  contribute  to 
the  improvements  in  gas  exchange  have  not  been  elucKi;ued, 
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Fig.  3.  Photomicrograph  of  lungs  that  have  been  ventilated  with  conventional  techniques  (A)  and  partial  liquid  ventilation  (B).  The  right  pan- 
els (A',  B')  are  high-power  magnifications  of  the  images  on  the  left.  Both  low-  and  high-power  images  of  A  show  airway  dilatation  and  alve- 
olar collapse  alternating  with  overdistention,  debris  in  the  airspaces,  and  thickened  septa.  The  images  of  B  show  uniform  inflation,  normal 
airways,  and  normal  septa. 


various  speculations  include  liquid  PEEP.  The  gas-liquid  inter- 
face in  alveoli  is  abolished  and  lavaging  the  exudate  containing 
pulnninaiy  innainmatory  mediators  from  the  atelectatic  ahe- 
oli  restores  FRC.  The  speculation  that  pertluorocarbons  may 
actually  be  anti-intlammatory  agents  requires  further  study. 
Although  the  tuture  of  PLV  has  not  been  completely  defined, 
it  is  clear  that  it  will  assume  a  prominent  place  in  our  arse- 
nal for  the  treatment  of  patients  with  acute  lung  injury  who 
are  unresponsive  to  conventional  therapy.  Because  of  the  cur- 
rent investigative  nature  of  the  technique,  it  is  limited  to  ter- 
tiary referral  centers.  No  evidence  supports  presumptive  use 
of  these  compounds  in  patients  at  high  nsk  for  developing  acute 
king  injury  after  exposure  to  noxious  agents. 
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Hurst  Discussion 

Peruzzi:  Vm  impressed  by  the  differ- 
ence in  pathology  between  the  non- 
pertluorocarbon-ventilated  lungs  and 
the  perfluorocarbon-ventilated  lungs. 
Do  you  attribute  the  much  less  severe 
lung  pathology  noted  with  perfluoro- 
carbon-ventilated lungs  to  the  mechan- 
ics of  avoiding  alveolar  overdistention. 
as  we  talked  about  already  in  this  con- 
ference to  some  degree,  or  do  you 
attribute  that  more  to  the  biochemical 
effects,  the  anti-intlammatory  effects 
of  the  pcrtluorocarbon  compound?  How 
would  you  go  about  studying  it  to  dif- 
ferentiate the  two  mechanisms? 

Hurst:  Right  now.  I  have  to  presume 
(I'd  love  to  hear  evei^body  else's  com- 
ments) that  it's  twofold.  Maintaining  a 
lung  in  a  partially  inflated  position  is 
going  to  be  good.  Second.  I  think  that 
the  investigators  stumbled  across  the 


anti-inflammatory  propeilies,  whether 
part  of  that  is  mechanical  (that  is. 
lavaging  out  the  inflammatory  cells  and 
their  mediators)  and  whether  there's 
another,  either  local  anti-inflammatory 
component  or  systemic  anti-inflam- 
matory component,  I  don't  know.  I 
don't  know  the  best  way  to  separate 
these  out.  I've  talked  it  over  with  Joe 
.Soloniken  in  our  institution.  One  of  the 
things  that  we  talked  about  doing  was 
looking  at  the  number  of  inflammatory 
mediators,  both  in  the  pulmonary  artery 
and  in  lavage  fluid.  He  seems  to  think, 
right  now,  that  it  might  be  an  insur- 
mountable problem.  I  don't  know 
whether  that's  true  or  not.  The  answer 
is.  I  don't  know. 

Adams:  This  is  a  thick  liquid.  Could  it 
be  that  the  vertical  column  of  pressure 
that's  created  reroutes  blood  flow  from 
the  dependent  segments  to  the  inde- 
pendent, better  ventilated  segments? 


Hurst:  I  think  it  has  been  shown  that 
there  is  a  better  redistribution  of  pul- 
monary blood  flow.  That's  true. 

Branson:  I  think  it's  a  lot  of  those 
things.  There's  the  column  of  fluid  that 
not  only  redistiibutes  pulmonaiy  blood 
flow,  but,  like  Bill  and  Art.  and  half  a 
dozen  other  people  have  shown  us  in  this 
conference,  the  dependent  regions  of  the 
lung  are  tlie  areas  that  are  collapsed.  And 
with  gas  ventilation,  gas  follows  the  path 
of  least  resistance,  which  is  to  the  alve- 
oli that  are  open.  But,  it  appears  as 
though  liquid  ventilation,  just  by  virtue 
of  the  depth  of  the  column  of  liquid, 
actually  provides  the  most  amount  of 
pressure  to  the  alveoli  that  are  collapsed. 
So  it  seems  to  be  multifactorial,  obvi- 
ously, like  a  lot  of  things,  and  it  just 
seems  ideal. 

East:  I  have  just  been  visiting  with 
Alliance.  They  showed  me  some  data 
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and  slides  that  would  indicate  that  liq- 
uid is  more  uniformly  distributed.  ll"s 
not  like  water  that  just  sits  there.  ... 

Hurst:  1  think  these  slides  taken  from 
Alliance's  video  speak  to  that,  and  the 
video  is  even  more  impressive.  I  didn't 
bring  the  video  because  it's  about  20 
minutes  long,  but  when  you  show  the 
progressive  instillation  of  these  com- 
pounds, it  really  is  distributed  very 
nicely — not  only  to  dependent  but  also 
to  independent  part  of  the  lungs. 

Wilson:  We've  actually  treated  three 
patients,  two  children  and  one  adult,  in 
our  institution  with  this  technique.  All 
patients  showed  very  positive  response 
to  the  therapy,  with  the  pediatric 
patients  having  the  better  response.  The 
evaporation  of  the  drug  and  the  redos- 
ing  seem  very  different,  depending  on 
the  size  of  the  lung.  The  evaporation 
rate  for  a  neonate  as  compared  to  a 
pediatric  patient  as  compared  to  an 
adult  is  very  different.  The  ventilatory 
technique  is  really  pretty  important,  and 
I  don't  know  that  we've  settled  on  what 
is  the  best  technique  to  recommend.  A 
couple  of  things  we  do  know  is  that  the 
oxygenation  of  the  liquid  in  the  lung 
is  critical.  The  perflubron  is  unoxy- 
genaled.  as  it's  being  administered. 
Maintainmg  the  Po;  of  the  pertlubron 
is  very  tidal  volume  dependent.  The 
normal  tidal  volume  strategies  that  we 
employ  in  our  pediatric  patients  had  to 
be  modified  in  oim'  second  patient,  in 
pailicular,  to  be  able  to  maintain  the 
o.xygenation  of  the  pertlubron.  At  low- 
level  dosing,  as  we  were  instilling  up 
to  an  FRC  volume,  the  surfactant  effect 
was  very  dramatic.  Once  we  got  be- 
yond the  surfactant-effect,  we  truly  got 
the  liquid  venlilaliun  effect.  We  were 
able  to  observe  the  changes  in  dosing 
effects  by  monitoring  compliance  and 
pressure-xolume  loops.  We  were  able 
to  identify  when  to  redose  based  on 
some  of  those  data,  as  well  as  the  oxy- 
genation data. 

Hurst:  Alex,  how  would  you  like  to  fill 
their  lungs  lull  of  this  and  flip  them'.' 


Adams:  Unfortunately,  the  airways  then 
aim  downwards  and  some  liquid  would 
lend  to  drain  out. 

Hurst:  Yes.  but  the  Stryker  frame  could 
still  be  adjusted  so  that  you  could  retain 
the  compound  in  the  lung  by  putting 
patients  in  different  positions. 

Branson:  There  is  another  study  that 
shows  the  use  of  pertlubron  with  sur- 
factant actually  enhances  the  function 
of  surfactant.  The  animals  treated  with 
the  combination  of  the  two  seem  to  be 
improved  over  those  treated  with  just 
surfactant  and  just  pertlubron.  There  ;tre 
otlier  uses  for  tliis  drug.  too.  Tliink  about 
direct  drug  delivery  to  the  lung  in 
patients  with  pneumonia  by  using  per- 
tlubron as  a  carrier.  So.  aside  from  its 
effects  on  improving  ventilation  in 
patients  with  ARDS.  it  ma\'  ha\e  a  lot 
of  other  uses. 

Hess:  The  only  problem  I  have  with  that 
is  whether  anybody  has  shown  that  the 
drug  is  carried  in  the  pertlubron'?  Cer- 
tainly the  stuff  that  Jim  showed  and  oth- 
ers have  shown  is  that  thick,  viscous  slop 
in  the  lungs  floats  up  to  the  top  and  can 
be  suctioned  off.  I've  heard  other  peo- 
ple say  this.  Tlie  question  I've  always  had 
is  How  do  you  know  if  you  put  a  drug 
into  it — an  antibiotic,  a  bronchodilator. 
whatever  it  nnght  be — that  the  stuff 
won't  also  float  up  to  the  top  and  never 
get  into  the  lung  where  you  want  it  to 
have  its  action'.' 

Branson:  Well.  I  don't  think  you  can 
just  do  it  yourself.  I  don't  think  you  can 
just  decide  on  your  own  that  you're 
going  to  pour  something  in  the  pertlu- 
bron. but  I  have  seen  some  preliminary 
evidence  that  they  can  bind  certain  drugs 
to  the  perflubron.  so  that  it  actually  is 
deli\ered  with  the  molecules. 

Hurst:  It  may  wind  up  being  \ery 
much  like  the  Fluosol-DA.  which  is  an 
emulsion.  Some  sort  of  an  emulsify- 
ing or  liposome-type  material  might 
have  the  drug  incorporated.  Then,  of 
course,  it  would  depend  on  lipid  sol- 


ubility. Just  one  word  of  caution  about 
ARDS.  particularly  the  sepsis-induced 
ARDS.  It's  really  a  different  animal. 
It's  not  like  the  neonate,  obviously.  The 
patient  who  comes  in  having  received 
125  units  of  blood  during  a  trauma 
resuscitation  and  operative  procedure 
who  doesn't  ha\'e  an  enteric  injury  and 
has  not  gotten  septic  ARDS  yet,  is  one 
type  of  patient,  but  those  who  wind  up 
with  septic  ARDS  and  so  much  organ- 
function  compromise  are  another. 
Much  of  the  moilality  in  that  group  of 
patients,  now  that  we've  gotten  to  the 
point  where  we  can  support  oxy- 
genation and  ventilation,  depends  on 
other  vital-organ  function. 

■Wilson:  In  response  to  the  previous 
discussion  about  combining  liquid  ven- 
tilation with  other  techniques,  a  fair 
amount  of  laboratory  investigation 
looks  at  the  response  of  nitric  oxide 
with  PLV.  We've  done  that  in  our  pedi- 
atric animal  model  of  ARDS  and  those 
data  are  abt)ut  to  be  published — perhaps 
in  the  next  year  and  a  half.  It  is  kind  of 
unnerving  to  see  multiple  experimen- 
tal agents  being  combined — but  that 
combination  (NO  &  PLV)  does  seem 
to  have  a  positive  effect.  I  think  the 
pharmaceutical  company  is  not  willing 
to  discuss  it  at  this  point  because  it's 
still  unpublished  and  investigational, 
but  some  applications  of  pertlubron  are 
yet  to  be  seen. 

Hess:  I  think  we  rcalls  ha\e  to  be  ciu'e- 
ful  with  these  things  because  we  don't 
know  for  sure  what  the  toxicity  of  nitric 
oxide  is.  We  don't  know  for  sure  what 
the  toxicity  of  pertlubron  is.  When  we 
start  putting  these  things  together.  I 
think  we  could  have  a  lot  of  problems. 
There  were  some  abstracts  at  the  ATS 
meeting  this  last  spring  that  talked 
about  combining  liquid  ventilation  with 
nitric  oxide.  One  of  the  questions  that 
1  asked  one  of  the  presenters  was, 
"When  you  have  this  oxygen  in  the  per- 
tlubron and  you  kind  of  have  the  oxy- 
gen molecules  trapped  in  there,  and 
then  you  trap  them  in  there  with  nitric 
oxide,  do  you  generate  nitrogen  diox- 
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ide?  Has  anybody  looked  at  that,  has 
anybody  thought  about  it?"  The 
response  from  everybody  was  "Well, 
you  know,  we  haven't  really  thought 
about  that."  That  concerns  me,  because 
we  know  that  nitrogen  dioxide  is  very 
toxic,  and  we're  not  sure  what  the  tox- 
icity of  nitric  oxide  might  be.  I'm  really 
concerned  about  mixing  all  kinds  of 
other  things,  and  I  think  Rich's  point, 
is  well  taken.  As  our  individual  centers 
get  into  some  of  these  trials,  we  have 
to  resist  the  temptation  of  "Well,  we 
have  nitric  oxide  over  here  and  per- 
tlubron  over  there,  so  let's  just  put  the 
both  of  them  together  and  maybe  it'll 
be  better  than  either  one  by  itself.  It 
may  be  worse  than  either  one  by  itself. 

Wilson:  Some  baboon  data  re\eal 
endothelial  changes  as  a  result  of  PLV: 
so.  the  final  word  on  some  of  those  tox- 
icities really  isn't  in  yet.  1  think  Dean 
is  absolutely  right. 


Haas:  In  working  with  Dr  Hirschl's 
group,  I  have  seen  several  adult 
patients  respond  favorably  to  PLV.  In 
some  patients,  it's  very  dramatic,  but 
it  reminds  me  a  little  of  how  certain 
adult  patients  responded  favorably  to 
exogenous  surfactant,  and  how  we 
thought  that  it  was  going  to  work  in 
ARDS.  It  wasn't  until  725  patients  had 
been  studied'  that  it  was  determined 
that  it  didn't  work.  I  remember  one 
PLV  patient,  in  particular,  who  had 
aspirated  charcoal  and  had  a  severe 
pneumonia.  Watching  the  charcoal 
come  'to  the  top'  to  be  suctioned  off 
was  fairly  dramatic,  and  that  patient  did 
quite  well. 


Anzueto  A.  Baugliman  R.  Guntup,illi  K. 
DeMana  E.  Davi^  K.  Weg  J.  et  al.  and  the 
Exo.surf  ■  ARDS  Sepsis  Study  Group.  An 
international,  randomized,  placebo-con- 
trolled trial  evaluating  the  safety  and  effi- 
cacy of  aerosolized  surfactant  in  patients 


with  sepsis-induced  ARDS  (abstract).  Am 
J  RespirCrit  Care  Med  1994:149(4,  Pan 
2):A567. 

Hurst:  Again,  in  the  adult  model  of 
ARDS,  it  may  depend  on  when  these 
compounds  are  administered. 

Haas:  In  prepaiing  for  the  surfactant  lec- 
ture, I  considered  presenting  a  cost  pro- 
jection for  adult  therapy,  but  it  would 
have  involved  a  lot  of  assuming.  A 
neonatal  dose  costs  about  $600,  give  or 
take  $50.  In  the  adult  Exosurf  studies, 
20  vials  of  a  concentration  of  up  to  six 
times  the  neonatal  dose  were  used  over 
the  5-day  period.  If  we  assume  similar 
pricing  per  vial,  aerosolized  Exosurt"  for 
adults  would  cost  up  to  $  1 2,000  for  the 
drug,  but  it  is  \ery  unlikely  that  a  phar- 
maceutical company  would  charge  that 
much.  1  assume  it  doesn't  cost  $600  to 
make  a  vial  of  neonatal  suifactant.  and 
I  am  sure  that  a  reasonable  price  would 
have  been  determined  for  the  adult  dose. 


42"''  International  Convention  &  Exiiibition 
November  3-6  •  San  Diego,  California 


Respiratory  Care  •  May  "96  Vol  41  No  5 


423 


Use  of  Inhaled  Nitric  Oxide  in  Patients  with 
Acute  Respiratory  Distress  Syndrome 

Dean  Hess  PhD  RRT,  Luca  Bigatello  MD,  Robert  M  Kacmarek  PhD  RRT,  Ray  Ritz  BA  RRT, 
C  Alvin  Head  MD  RRT  RPFT,  and  William  E  Hurford  MD 


Introduction 

Biology  of  Nitric  Oxide  (NO) 

NO  in  Exhaled  Gas 

Selective  Pulmonary  Vasodilation 

Inhaled  NO  for  ARDS 

Animal  Studies 

Human  Studies 

Dose 
Toxicity  of  Inhaled  NO 

NO2  Production 

Methemoglobinemia 

Production  of  Peroxynitrite 
Ad>  erse  Effects  of  Inhaled  NO 

Platelet  Inhibition 

Increased  Left  Ventricular  Filling  Pressure 

Rebound  Hypoxemia  &  Pulmonary  Hypertension 
NO  Delivery  Systems 
Techniques  for  NO  Delivery 

Adult  Mechanical  Ventilators 

Pediatric  Mechanical  Ventilators 

Manual  V  entilators 

Spontaneous  Breathing 
NO  &  NO2  Analysis 

Chemiluminescence  Analyzers 

Electrochemical  Analyzers 

Inspired,  Tracheal,  &  Expired  Gas  Analysis 
In  Summarv 


Dr  Hess  and  Mr  Rit/  are  Assisianl  Directors,  Dr  Kacmarek  is  Director, 
and  Dr  Head  is  Medical  Director  of  Respiratory  Care.  Dr  Hurlbrd  is 
Director  of  the  Respiratory/Surgical  ICU — Massachusetts  General 
Hospital.  Drs  Hess.  Bigatello.  and  Hurford  are  Assistant  Professors.  Dr 
Kacmarek  is  Associate  Professor,  and  Dr  Head  is  Instructor  of 
Anesthesia,  Harvard  Medical  School — Boston,  Massachusetts. 

A  version  of  this  paper  was  presented  by  Dr  Hess  during  the  Re.spi- 
RATORY  Care  Journal  Conference.  Mechanical  Ventilation;  Ventilatory 
Techniques,  Phamiacology.  and  Patient  Management  Strategies,  held  in 
Cancun,  Mexico,  October  6-8,  \995. 

Reprints:  Dean  He.ss.  Respiratory  Care,  Ellison  401,  Massachusetts 
General  Hospital.  Boston  MA  021 14. 


Introduction 

Nitric  oxide  (NO)  is  a  ubiquitous,  highly  reactive,  gaseous, 
diatomic  molecule  (Table  I ).  Because  NO  is  considered  an 
occupational  and  en\  iionmental  pollutant,  the  Occupational 
Safety  and  Health  Administration  (OSHA)  has  de\eloped  lim- 
its for  NO  exposure  in  the  workplace. '  Since  the  mid-1980s, 
clinical  and  academic  interest  in  NO  has  moved  from  envi- 
rt)nmental  and  public  health  to  cellular  biology  and  physiology. 
It  is  now  recognized  that  NO  is  an  important  messenger 
molecule,  and  main  cell  t_vpes  have  shown  the  capacity  to  pro- 
duce NO.  The  action  of  common  nitrosovasodilators  (eg. 
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sodium  nitroprusside  and  nitroglycerin)  is  due  to  their  release 
of  NO.- '  In  1992.  NO  was  named  Molecule  of  the  Year  by 
the  journal  Sclemc.''  and  thousands  of  papers  and  abstracts 
are  published  each  year  on  biomedical  aspects  of  NO. 

Table  I.      Physical  and  Biochemical  Propenics  of  Nunc  Oxide* 

High  diffusibility 

High  lipid  solubility 

Gas  or  solution  at  body  temperature 

Reactive  free  radical 

Short  half  lite  (3-50  s) 

Oxidized  to  NOi  in  air 

Oxidized  to  nitrites  and  nitrates  in  solution 

Activity  inhibited  by  hemoglobin,  myoglobin,  methylene  blue. 

superoxide 
Activity  potentiated  by  superoxide  dismutase,  cytochrome  c, 

hydrogen  ions 


*  Adapted  from  information  provided  in  Rclerence  I 


There  is  intense  clinical  interest  in  the  use  of  inhaled  NO 
in  the  treatment  of  diseases  characterized  by  pulmonary  hyper- 
tension and  hypoxemia  (Table  2).  but  inhaled  NO  has  not  yet 
been  approved  by  the  U.  S.  Food  and  Drug  Administration 
(FDA)  for  this  application  except  as  an  investigative  drug. 
However,  several  large  multicenter  randomized  placebo-con- 
trolled studies  are  underway  evaluating  the  safety  and  effi- 
cacy of  inhaled  NO.  Over  the  past  several  years,  a  number 
of  review  papers  have  been  written  on  the  topic  of  inhaled 
NO.''"*  In  this  paper,  we  review  basic  aspects  of  the  biology 
of  NO  and  focus  on  the  use  of  NO  in  the  treatment  of  patients 
with  ARDS  and  on  techniques  for  delivery  of  inhaled  NO. 

Table  2.      Potential  Clinical  tJses  for  Inhaled  Nitric  Oxide* 

ARDS 

Persistent  pulmonary  hypertension  of  the  newborn 

Primary  pulmonary  hypertension 

Pulmonary  hypertension  following  cardiac  surgery 

Cardiac  transplantation 

Lung  transplantation 

Acute  pulmonary  embolism 

COPD  and  chronic  pulmonary  fibrosis 

Bronchodilation 

Congenital  diaphraginatic  hernia 

Congenital  heart  disease 


*Based  on  data  from  Rcforcnccs  ^).  111.  13-1 6. 


Biology  of  Nitric  Oxide 

In  1980,  endothelium  was  shown  to  be  essential  for  the 
vasodilator  action  of  acetylcholine  in  isolated  strips  of  arter- 
ies/' and  stimulation  of  the  endothelial  cells  resulted  in  release 
of  a  substance  called  endothelium-derived  relaxing  factor 
(EDRF).  The  first  paper  to  demonstrate  NO  synthesis  by  a 


mammalian  cell  was  published  in  1985.-"  In  1987.  it  was  shown 
that  NO  accounted  for  the  biologic  activity  of  EDRF  and  that 
L-arginiiie  was  its  precursor.-''--  Nearly  every  cell  type  stud- 
ied thus  far  has  shown  the  capacity  to  synthesize  NO.''  Some 
of  the  functions  of  NO  include  vascuku'  smooth  muscle  relax- 
ation, airway  smooth  muscle  relaxation,  neurotransmission, 
bacteriostasis.  tumor-cell  lysis,  and  platelet  inhibition.' 

L-arginine  is  the  substrate  for  NO  synthesis  in  biologic 
systems  (Fig.  1  )."'"■  -'  In  the  presence  of  NO-synthase,  NO 
is  produced  and  L-citrulline  is  formed  as  a  by-product.  NO 
is  highly  lipophilic  and  readily  diffuses  across  cell  membranes 
to  adjacent  cells,  thus  serving  as  a  local  messenger  molecule. 
NO  typically  diffuses  from  its  cell  of  origin  into  a  neighboring 
cell,  where  it  binds  with  guanylate  cyclase.  Activation  of 
guanylate  cyclase  results  in  the  production  of  cyclic  guano- 
sine  3'.5'-monophosphate  (cGMP)  from  guanosine  triphos- 
phate (GTP).  which  produces  a  biologic  effect  within  the  cell 
(eg.  smooth  muscle  relaxation).  The  time  between  NO  pro- 
duction and  guanylate  cyclase  activation  is  short,  with  a  half 
life  of  <  5  s  for  NO  in  physiologic  systems. '  Inhibitors  of 
guanylate  cyclase  (eg,  methylene  blue)-"*  and  inhibitors  of  NO- 
synthase  decrease  cGMP  levels,  whereas  inhibitors  of  phos- 
phodiesterase (eg,  zaprinast)-''  increase  cGMP  levels. 
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MP 

phosphodiesterase 

smooth  muscle  relaxation 

Fig,  1.  Biologic  pathways  showing  the  production  and  activity  of 
endogenous  nitric  oxide  (NO).  See  text  for  term  identification. 


Isoforms  of  NO-synthase  are  classified  either  as  consti- 
tutive NO-synthase  (cNOS)  or  inducible  NO-synthase  (iNOS) 
(Table  3).-''"'*-'-  cNOS  is  always  present  within  cells:  whereas, 
iNOS  is  expressed  only  after  induction  by  a  number  of  stim- 
uli, including  cytokines,  microbes,  or  microbial  products.  The 
two  forms  of  cNOS  are  the  endothelial  type  (eNOS)  and  the 
neuronal  type  (bNOS).  Inhibitors  of  NO-synthase  include  L- 
N'^-mononiethyl  arginine  (L-NMMA)  and  L-N°-arginine 
methyl  ester  (L-NAME).  Much  ongoing  research  addresses 
the  role  of  NO  in  endotoxemia  and  sepsis.-""  Whether  inhi 
bition  of  iNOS  in  sepsis  is  beneficial  or  detrimental  is 
unknown.'-  Studies  have  shown  that  NO-synthase  inhibitors 
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reverse  hypotension  during  sepsis,  but  the  clinical  benefit  of 
this  remains  to  be  determined. 

Table  3.     Comparison  of  Constitutive  (cNOS)  and  Inducible  (iNOSl 
Forms  of  Nitric  Oxide  Synthase 

cNOS 

Cellular  sources:  endothelial  cell,  some  neurons,  mast  cells,  platelets 

Ca**-ca!modulin  dependent 

Transiently  released  in  small  amounts 

Activators:  thrombin,  acetylcholine.  ADP  and  ATP.  pressure  and 

shear  stress,  bradykinin  and  histamine,  leukotrienes 
Function  is  regulation  (messenger  molecule) 

iNOS 

Cellular  sources:  macrophages,  hepatocytes.  tumor  cells,  endothelial 

cells 
Ca"-calmodulin  independent 
Sustained  release  in  large  amounts 

Inducers:  lipopolysaccharide.  interleukins.  tuinor-necrosis  factor 
Inhibited  by  glucocorticoids 
Function  is  host  defense 


NO  also  has  cGMP-independent  effects.^  It  combines  with 
O2  to  form  nitrogen  dioxide  (NOi)  and  with  superoxide  (O2  ) 
to  form  peroxynitrite.  Nitrite  (NO2")  and  nitrate  (N03^)  may 
also  be  produced  as  products  of  NO  metabolism.  NO  reacts 
with  transition  metal  ions  and  with  both  heme  and  non-heme 
metalloproteins.  NO  also  reacts  with  a  variety  of  other  bio- 
logic metalloproteins  including  myoglobin  and  cytochrome 
c  oxitiase. "'  The  cGMP-indepeiident  effects  of  NO  may  include 
bacteriostasis  and  tumor-cell  lysis. 


Gerlach  et  al  ''^  demonstrated  an  autoinhalation  of  NO  pro- 
duced in  the  nasopharynx  and  suggested  that  it  may  be  im- 
portant to  the  maintenance  of  the  ventilation-perfusion  rela- 
tionship (V/Q)  within  the  lung.  They  also  showed  that 
autoinhalation  of  NO  is  reduced  with  antibiotic  therapy  and 
with  endotracheal  intubation  (Fig.  2).  They  suggested  that 
low-dose  inhaled  NO  (eg.  100  ppb)  in  ARDS  patients  might 
be  considered  replacement  therapy  because  the  autoin- 
halation of  nasopharyngeal  NO  is  eliminated  by  endotra- 
cheal intubation. 
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Fig.  2.  NO  concentrations  from  expiratory  limb  of  ventilator,  from 
trachea  after  intubation,  and  from  lower  oropharynx  above  larynx 
during  Inspiration.  Note  that  autoinhalation  of  NO  decreases  fol- 
lowing intubation.  (Reprinted  from  Reference  38,  with  permission.) 


NO  in  Exhaled  Gas 

It  has  been  shown  that  NO  is  present  in  the  exhaled  gas 
of  animals''* ''  and  human  beings.'**  ■*"  Although  results  dif- 
fer among  studies  (some  differ  by  an  order  of  magnitude  or 
greater),  most  report  exhaled  NO  <  50  parts  per  billion  (ppb) 
in  normal  persons.  Exhaled  NO  is  increa.sed  in  indiv  iduals  with 
asthma^'""*  or  bronchiectasis.-"  and  decreased  in  individuals 
who  are  smokers''"'" ■*''  or  hypertensive.'*''  In  animal  models, 
exhaled  NO  is  increased  with  sepsis'^  and  the  administration 
of  positive  end-expiratory  pressure  (PEEP),'''  sodium  nitro- 
prusside.  and  nitroglycerin."' 

The  origin  of  endogenous  NO  in  the  exhaled  gas  could  be 
the  upper  airway,  the  lower  airways,  or  the  lung  parenchyma. 
The  exhaled  NO  could  be  the  result  of  either  cNO.S  or  iNOS 
activity.  In  ne)rmal  subjects,  much  of  the  NO  in  exhaled  gas 
is  from  the  upper  respiratory  tract.  Nasopharyngeal  bacteria 
stimulate  the  nasal  mucosa  to  produce  NO.  and  antimicrobial 
therap\  may  decrease  NO  production  in  the  nasopharvux.'** 
Further,  it  has  been  shown  that  NO  levels  are  relatively  high 
(=10  ppm)  in  the  piuanasal  sinuses,  and  it  has  been  suggested 
that  the  bacteriostatic  effects  of  NO  may  be  responsible  for 
maintaininsz  the  sterilitv  of  the  sinuses.'''' 


Selective  Pulmonary  Vasodilation 

The  tenn  selective  pidmoiuuy  vasodilation  is  used  to  indi- 
cate two  physiologic  phenomena.  First,  selective  pulmonary 
vasodilators  reduce  pulmonary  vascular  resistance  w  ithout 
affecting  systemic  vascular  resistance.  Second,  a  selective 
pulmonary  vasodilator  affects  vascular  resistance  only  near 
\entilated  alveoli.  Inspired  vasodilators  are  delivered  to  those 
lung  units  thai  are  \entilated.  Although  both  low-dose  aero- 
solized prostacyclin  (PGI2)'"  '^*'  and  inhaled  NO  have  been 
shown  to  be  selective  pulmonary  vasodilators,  this  review 
is  limited  lo  inhaled  NO.  It  should  also  be  mentioned  that  NO 
is  not  a  selective  pulmoniiry  vasodilator  per  se.  but  becomes 
one  when  inhaled. 

Inhaled  NO  selccti\ely  inipro\cs  blood  How  lo  \cnlil;iled 
alveoli.  This  has  been  demonstrated  indirectly  in  human  and 
animal  studies  that  have  shown  a  reduction  in  intrapulmonary 
shunt  and  improved  arterial  oxygenation,  as  discussed  later 
in  this  paper.  In  animal"  ''"  and  human'''  studies  of  ARDS, 
an  improvement  in  \IQ  distribution  measured  by  multiple 
inert-gas-elimination  technique  (MIGHT)  has  been  demon- 
strated with  NO  inhalation. 
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It  has  been  demonstrated  in  animal  and  human  models  of 
puhiionaiA  hypertension  that  inhaled  NO  decreases  pulmoniuy 
arterial  pressure  (PAP)  and  pulmonary  vascular  resistance 
(PVR)  without  affecting  systemic  blood  pressure.  In  a  sheep 
model  of  pulmonary  hypertension  (produced  by  intravenous 
infusion  of  the  thromboxane  analog  U466I9).''-  NO  inhala- 
tion decreased  PVR  and  PAP  without  affecting  systemic  blood 
pressure  or  systemic  vascular  resistance  (SVR).  Further,  it 
has  been  shown  that  inhaled  NO  reverses  hypoxic  pulmonaiy 
hypertension  in  experimental  animal^'  (Fig.  3)  and  human 
subjects''""  (Fig.  4)  without  systemic  effects. 

The  selective  pulinonary  vasodilation  demonstrated  by 
inhaled  NO  is  due.  in  large  part,  to  the  high  affinity  of  hemo- 
globin for  NO."-""  which  is  about  1  x  KJ"  greater  than  the 
affinity  of  hemoglobin  for  O:."^  NO  binds  to  hemoglobin  to 
foiTO  nitrosylhemoglobin.  which  is  rapidly  oxidized  to  methe- 
moglobin  (metHb).  yielding  residual  nitrates  and  nitiites. ""■"'""' 
The  metHb  is  then  converted  to  reduced  hemoglobin  due  to 
the  action  of  metHb  reductase.  Methemoglobinemia  is  a  poten- 
tial complication  of  inhaled  NO  therapy,  as  discussed  later 
in  this  paper. 

In  contrast  to  inhaled  NO.  intravenous  vasodilators  (eg. 
sodium  nitroprusside.  nitroglyceiin.  prostacyclin)  are  not  selec- 
tive.'-" Although  intravenous  vasodilators  lower  PAP,  they 
also  lower  SVR  and  blood  pressure  (Fig.  5).  Moreover,  these 
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Fig.  3.  Mean  blood  pressures  [pulmonary  (Pra)  in  mm  Hg,  aortic 
(Pag),  and  central  venous  (Pcv)].  heart  rate  (HR)  in  beats/mm,  and 
cardiac  output  (Qj)  in  L/min,  in  sheep  ventilated  with  air  (baseline), 
followed  by  hypoxia,  hypoxia  with  NO,  and  second  hypoxic  gas 
mixture.  Note  the  effect  of  inhaled  NO  on  Pra  without  affecting  Pad, 
thus  demonstrating  selective  pulmonary  vasodilation.  (Reprinted 
from  Reference  63,  with  permission.) 

agents  increase  blood  flow  to  both  ventilated  and  unventilated 
lung  units,  resulting  in  an  increased  intrapulmonaiy  shunt  and 
a  lower  partial  pressure  for  oxygen  in  the  aileiial  blood  (PaO:)- 


80  -, 
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Fig.  4.  Effects  of  inhaled  NO  (40  ppm)  during  hypoxia  in  9  normal  volunteers,  on  mean  pulmonary  artery  (Pra)  and  mean  pulmonary  capil- 
lary wedge  pressure  (PCWP),  PaOs.  PaC02.  right  ventricular  stroke  work  index  (RVSWI)  and  left  ventricular  stroke  work  index  (LVSW!),  and 
pulmonary  vascular  resistance  (PVR).  Note  the  effect  of  inhaled  NO  on  PVR.  (Reprinted  from  Reference  64,  with  permission.) 
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Fig.  5.  Comparison  of  the  effects  of  systemic  vasodilators  [sodium 
nitroprusside  (SNP),  nitroglycerin  (TNG),  prostacyclin  (PGI2)]  and 
inhaled  NO  on  pulmonary  artery  pressure  (PAP),  systemic  vascu- 
lar resistance  (SVR),  intrapuimonary  shunt  (Qs/Qj),  and  Pao^- 


Inhaled  NO  for  ARDS 

ARDS  is  characterized  by  intrapuimonary  shunting, 
increased  dead  space  ventilation  (ie,  increased  VqA't).  and 
puhiionary  hypertension.^'  Therapy  consists  of  supplemen- 
tal Oi,  PEEP,  and  high  mean  airway  pressure.  ARD.S  treat- 
ment is  largely  supportive,  and  mortality  has  changed  little 
over  the  past  20  years.  Moreover,  therapy  for  ARDS  (O2,  high 
airway  pressure)  may  itself  worsen  the  high-pemieability,  non- 
c;irdiogenic  pulmonary  edema  associated  with  ARDS.'-  There 
is  currently  ( 1996)  much  enthusiasm  for  the  use  of  inhaled 
NO  in  the  treatment  of  ARDS.  Inhaled  NO  should  produce 
selective  pulmonary  vasodilation  that  results  in  improved  dis- 
tribution of  ventilation,  less  shunting,  improved  arterial  oxy- 
genation, and  lower  PVR.  Although  initial  clinical  reports  are 
encouraging.'''-'-'  the  role  of  inhaled  NO  in  the  outcome  of 
ARDS  remains  unclear  but  may  be  clarified  with  the  com- 
pletion of  prospective,  randomized,  double-blind  trials. 


c 

10 

F 

5 

(- 

t 

0 

a. 

^ 

-•=, 

Cl 

0 

1 

-10 

-15 

-20 

BLl 


NO 


BL2 


L-NAME  L-NAME  BL  3 
+  N0 


Fig.  6.  cGMP  release  from  sheep  at  baseline  (BL  1).  after  lung 
lavage  (LL).  after  10  mm  of  60  ppm  inhaled  NO  (NO),  10  mm  after 
ceasing  NO  inhalation  (BL  2),  after  L-NAIVlE  infusion  (L-NAt^E), 
again  10  mm  after  beginning  NO  inhalation  (L-NAME  +  NO),  10 
min  after  breathing  without  NO  (BL  3),  and  10  min  after  L-arginine 
infusion  (L-ARG).  (Reprinted  from  Reference  75,  with  permission.) 


Fig.  7.  Serum  nitrite/nitrate  levels  in  an  animal  model  at  baseline, 
after  production  of  acute  lung  injury  (oleic  acid),  and  after  adminis- 
tration of  10,  20,  40.  and  80  ppm  inhaled  NO.  (Data  from  Ref- 
erence 76.) 


Animal  .Studies 

Inhaled  NO  has  been  iii\  esligated  in  several  animal  mod- 
els of  ARDS  (Table  4).-"  «'-"'"  Most  of  these  studies  used 
doses  higher  than  those  now  used  in  human  clinical  trials 
and,  in  general,  reported  an  improvement  in  pulmonary  shunt 
and  PVR  with  inhaled  NO.  However,  this  effect  was  not 
found  in  all  animals."'  Inhaled  NO  was  associated  with  an 
increase  in  circulating  cGMP  (Fig.  6)'-''  and  in  nitrite  and 
nitrate  levels  (Fig.  T).'"-'" 

Several  studies  have  used  the  MIGET  to  e\  aluate  redis- 
tribution of  blood  tlow  and  V/Q  with  inhaled  NO  follow- 
ing lung  injury.''"'"  This  effect  was  demi-instratcd  \s  ith  oleic 


acid  injury,"-""  smoke  inhalation  injury, "'^  and  sepsis.''''  An 
interesting  animal  study  with  clinical  implications  was  per- 
formed by  Putensen  et  al.""  After  inducing  acute  lung  injury 
w  ith  oleic  acid,  they  found  a  significant  interaction  between 
continuous  positive  airway  pressure  (CPAP)  and  inhaled  NO. 
Inhaled  NO  alone  produced  no  significant  impro\  ement  in 
P,(,;  or  V/Q  assessed  by  MIGET.  However,  inhaled  NO 
resulted  in  an  improvement  in  Pgo,  following  application  of 
10  cm  H:0  CPAP.  The  clinical  implication  of  this  may  be 
that  conventional  therapy  (eg.  mean  airway  pressure,  PEEP) 
should  be  maximized  before  the  addition  of  inhaled  NO. 
Several  animal  studies  suggest  that  inhaled  NO  may  be 
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Table  4.      Studies  on  Inhaled  NO.  Using  Animal  Models  of  ARDS  (Seetexl  tor  lenn  definition) 


Reference  & 

Year  of 
Publication 


Animal  Model 


NO  Dose 
Range 


Physiologic  Outcome 
Variables 


Major  Findings 


Rovira  et  al.'*^      Ovine  bilateral  lung  lavage:  independent      0  &  60  ppni       Hemodynamic  &  blood-gas 
1994  and  combined  effects  of  inhaled  NO  and  values,  plasma  cGMP  levels 

infusion  of  L-NAME 


Inhaled  NO  before  or  after  L-NAME 
reduced  shunt  and  PAP.  most  likely  by 
increasing  cGMP  in  ventilated  lung 
units  and  causing  selective  pulmonary 
vasodilation 


Shah  et  al.'"        Porcine  oleic  acid;  animals  divided  into 
1 994  control  group  ( no  NO )  and  study  group 

(inhaled  NO) 


0-80  ppm  Hemodynamic  &  blood-gas 

values,  extravascular  water, 
nitrosylated  hemoglobin, 
methemoglobin.  plasma  nitntes 
and  nitrates 


Inhaled  NO  reversed  pulmonary 
hypertension  and  intrapulmonary  shunt 
in  a  dose-dependent  manner;  signifi- 
cant mcreases  seen  in  methemoglobin 
and  plasma  nitrites  and  nitrates 


Ogura  et  al.^' 
1994 


Ogura  et  al.*' 
1994 


Porcine  sepsis  model  (mfusion  of 
Escherichia  coli  lipopolysaccharide); 
animals  divided  into  control  group 
(no  NO)  and  study  group  (inhaled  NO) 

Ovine  wood  smoke  inhalation 


Putensen  et  al,^^  Canine  oleic  acid;  inhaled  NO  with 
1994  and  without  intravenous  L-NMMA 


Putensen  et  al."'  Canine  oleic  acid,  with  and  without 
1994  lOcmH^OCPAP 


Channick.'''         Hypoxic  canine  model 
1994 


Kavanagh,"        Isolated  rabbit  lung  model  of  oxidant- 
1994  induced  acute  lung  injury 


Jacob.' 
1994 


Porcine  model  of  hypoxic  pulmonary 
vasoconstriction 


0  cS:  4(.)  ppm       Hemodynamic  &  blood-gas 
values,  multiple-inert-gas- 
elimination  technique,  wet-to- 
dry-lung  weight  after  necropsy 

0  &  40  ppm       Hemodynamic  &  blood-gas 
values,  multiple-inert-gas- 
elimination  technique 

0  &  40  ppm       Hemodynamic  &  blood-gas 
values,  multiple-inert-gas- 
elimination  technique 


0  &  40  ppm       Hemodynamic  &  blood-gas 
values,  multiple-inert-gas- 
elimination  technique 


0-80  ppm  Hemodynamic  values.  NOi 

methemoglobin 


90-120  ppm       Capillary  permeability,  pul- 
monary capillary  pressure,  and 
pulmonary  vascular  resistance 


0-80  ppm  Hemodynamic  &  blood-gas 

values,  methemoglobin.  NO; 
&  NOr.  nitrosylhemoglobin 


Redistribution  of  blood  flow  from  true 
shunt  to  ventilated  lung  units;  iinprove- 
ment  in  PAP  and  arterial  oxygenation 
with  inhaled  NO 

Modest  improvement  in  V/Q.  pul- 
monary \  ascular  resistance,  and  arterial 
oxygenation  with  NO  inhalation 

Inhaled  NO  improved  gas  exchange  by 
redistributing  blood  from  shunt  units  to 
lung  units  with  a  nearly  ideal  V/Q; 
inhaled  NO  reversed  the  pulmonary  but 
not  systemic  vasoconstriction  caused 
by  L-NMMA 

Pulmonary  vascular  resistance  lowered 
by  inhalation  of  NO  alone,  but 
recruitment  of  gas  exchange  units  was 
necessary  to  produce  a  beneficial  effect 
of  inhaled  NO  on  V/Q  and  oxygenation 

Significant  improvement  in  PVR  with 
inhaled  NO;  no  effect  on  NO:  or 
methemoglobin  production 

Inhaled  NO  protected  against  the 
development  of  increased  capillary 
permeability  in  oxidant-induced  acute 
lung  injury 

Plasma  levels  of  NO:\  NO3'  and 
methemoglobin  increased  with 
increasing  [NO],  With  6-h  NO 
administration,  methemoglobin 
equilibrated  at  subtoxic  levels,  but 
NOi"  and  NOr  continued  to  rise. 
Nitrosylhemoglobin  was  not  detect- 
ed at  any  time 


protective  against  oxidant-induced  lung  injury.  In  an  iso- 
lated-rabbit-lung model,  Kavanagh  et  al"  found  that  inhaled 
NO  (90-120  ppm)  protected  against  the  development  of 
increased  capillary  permeability  in  oxidant-induced  acute 


lung  injury.  Using  isolated  rat  lungs.  Guidot  et  aV^  found 
that  inhaled  NO  prevented  neutrophil-mediated.  Oi-radical- 
dependent  capillary  leak  and  speculated  that  NO  has  anti- 
intlammatory  properties. 
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Human  Studies 

A  number  of  reports  on  the  use  of  inhaled  NO  in  humans 
with  ARDS  have  been  published  (Table  5''"" ).  The  first  papers 
describing  the  effects  of  inhaled  NO  with  ARDS  were  by  Ros- 
saint  et  al'''  and  Bigatelloet  al  of  our  group.''  Both  showed 
an  improvement  in  the  ratio  of  arterial  oxygen  tension  to  frac- 
tional concentration  of  inspired  oxygen  (Pao/Fio;)  and  PAP 
with  no  change  in  systemic  hemodynamics  when  NO  was 
administered  by  inhalation  at  <  20  ppm  (Fig.  8).  Prolonged 
inhalation  of  NO  did  not  result  in  tachyphylaxis.  There  was 
a  rapid  onset  of  effect  with  initiation  of  inhaled  NO,  and  the 
effect  was  lost  rapidly  when  NO  was  discontinued.  Bigatello 
et  aP'  found  that  patients  with  a  mean  PAP  >  30  mm  Hg  were 
more  likely  to  respond  to  NO  inhalation. 


yji- 

MAP                        y 

100- 

(mm  Hg)   o/ 

75- 

■if)- 

Cl^J^D                  ° 

-1 — I— I — I — I — I 

20        30        40        50       60 

Without  NO 


50  75  100  125 

Without  NO 


240- 

O 

190- 

o     o    o 

/ 

140- 

°°  / 

90- 

s 

41)  ■ 

PaO. 

(torr) 
— 1 — I — r— I 

90 

Without  NO 


20  40  eO  80 

Without  NO 


Fig.  8.  Individual  responses  of  7  patients  with  ARDS  to  inhaled  NO 
during  prolonged  exposure.  Values  recorded  daily  without  NO  are 
plotted  against  values  recorded  during  NO  inhalation.  The  line 
crossing  each  panel  represents  identity  between  measurements 
obtained  with  and  without  NO  inhalation  (MPAP  =  mean  pulmonary 
artery  pressure,  MAP  =  mean  systemic  arterial  pressure.  PaOs  = 
arterial  oxygen  tension,  Qva/Qt  =  venous  admixture).  (Reprinted 
from  Reference  73.  with  permission.) 


failed  to  respond  to  inhaled  NO.  Although  it  has  become  clear 
that  there  are  ARDS  patients  who  do  not  respond  to  inhaled 
NO,  the  reasons  for  this  are  unclear,  and  at  this  time  (1996) 
it  is  not  possible  to  predict  responders  and  nonresponders. 
The  results  of  Bigatello  et  al"  and  Puybasset  et  al*'  suggest 
that  the  baseline  level  of  PVR  may  affect  response.  Response 
may  also  be  related  to  the  degree  of  alveolar  recruitment.''"*' 
TTie  issue  of  nonresponders  is  peiplexing,  and  more  laboratory 
and  clinical  investigation  is  necessary. 

If  inhaled  NO  improves  V/Q,  it  might  be  expected  that 
Vi/V  r  and  Paco;  as  well  as  oxygenation  would  improve.  Stud- 
ies have  shown  small  but  significant  improvements  in 
VdA//'"*-  and  Paco:."' ""  We  have  also  observed  a  small  reduc- 
tion in  Vp/Vx  and  Paco:  in  patients  who  respond  to  inhaled 
NO.  However,  this  effect  is  too  small  to  be  clinically  impor- 
tant and  does  not  allow  a  reduction  in  minute  ventilation. 

The  effects  of  NO  inhalation  on  survival  of  patients  with 
ARDS  is  unknown.  All  reports  to  date  have  been  designed  to 
evaluate  the  physiologic  effects  of  inhaled  NO — not  survival. 
Evaluation  of  the  effect  of  inhaled  NO  on  survival  requires 
a  large  double-blind  placebo-controlled  study,  and  several  such 
studies  are  ongoing  in  the  United  States  and  Europe. 

Dose 

The  effective  dose  of  inhaled  NO  is  low .  Initial  studies 
showed  improved  oxygenatit)n  in  patients  with  ARDS  at  doses 
<  20  ppm.'''  ■"  Several  groups  have  reported  effective  doses 
at  <  5  ppm.".'''*2«6.8««9  In  patients  with  ARDS.  Gedach  et  31**^ 
found  an  EDso  (defined  by  Gerlach  et  al  as  the  dose  that  pro- 
duced 509(  of  the  desired  effect)  of  100  ppb  for  impro\emcnt 
of  oxygenation  and  an  EDso  of  2-3  ppm  for  improvement  of 
pulmoniUA'  artery  pressure  (Fig.  9).  It  is  interesting  to  note  that 
they  found  the  beneficial  effect  peaked  at  about  1 0  ppm.  It  has 
been  our  practice  to  initiate  inhaled  NO  therapy  at  a  dose  of 
20  ppm.  If  oxygenation  improves  at  that  dose,  then  we  decrea.se 
the  inhaled  NO  to  the  lowest  effective  dose.  At  the  do.ses  com- 
monly used  with  ARDS  (<  20  ppm),  inhaled  NO  is  consid- 
ered relatively  free  of  toxicity.  We  have  had  no  major  com- 
plications related  to  inhaled  NO  in  our  patients  (unpublished 
observation )  and  are  aware  of  no  reports  of  serious  compli- 
cations rclaletl  to  inhaled  NO.  Howcxer,  there  iue  several  jiotcn- 
lial  complications  of  this  therapy  that  deserve  consideration. 


Some  patients  with  /\RDS  lail  to  respond  to  NO  inhala- 
tion. In  a  retrospective  ;malysis  of  their  experience  with  inhaled 
NO,  Rossaint  et  aV  found  that  177^  of  patients  failed  to 
increase  their  Pao/Fio,  by  at  least  10  mm  Hg  and  37%  of 
patients  failed  to  decrease  their  mean  PAP  by  at  least  3  mm 
Hg.  MclntNre  ct  aP"  found  a  minimal  impancment  in  Pao^/Fu,. 
and  PAP  in  5/16  trials  (3 1  '/i ).  Puvbasset  et  aP-  found  that  3 
of  6  patients  with  ARDS  and  septic  shock  failed  to  respond 
to  inhaled  NO.  and  Wvsocki  et  al"'  found  that  10/17  (597f) 


To.\icity  of  Inhaled  NO 

NO2  Production 

NO2  is  produced  spontaneous!)  from  NO  and  Oi.'"'"' 
.Xllhough  the  Occupational  Safety  and  Health  Administra- 
tion (OSHA)  has  set  safety  limits  for  NO^  at  5  ppm.'  airway 
reactiv ity'''  and  paienchymal  lung "^  injuiy  have  been  reported 
w  ith  inhalation  of  as  little  as  2  ppm,  and  our  clinical  goal  is 
til  maintain  inhaled  NO:  levels  as  low  as  possible.''"  We  also 
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Table  5.      Human  Studies  of  Inhaled  NO  for  ARDS.  (See  text  for  term  definition) 


Reference  & 

Year  of 
Publication 


Sample 
Size 


NO  Dose 


Maximum 
Exposure 


Outcome  Variables 


Major  Findings 


Rossaint"  10 

etal.  1993 


Bigatello"         13 
et  al,  1994 


Rossaint™ 
etal,  1995 


Mclntyre'" 
etal,  1995 


Young*^ 

etal.  1994 


87 


Abman*'  17 

etal.  1995 


Puybasset'-        1 1 
etal,  1994 


(I,  18. -36ppm 

short-term: 

5-20  ppm  long-term 

0-40  ppm  short-term; 
2-20  ppm  long-term 


0-25  ppm 


14  0-4(1  ppm  short-term; 

2-20  ppm  long-term 


0-40  ppm  short-term; 
3-10  ppm  long-term; 
pediatric  patients 

0-2  ppm 


53  days  Hemodynamic  &  blood-gas. 

multiple-inert-gas-elimination 
technique 

27  days         Hemodynamic  &  blood-gas 
values 


53  days  Retrospective  review  of  clinical 

experience  with  inhaled  NO; 
hemodynamic,  blood-gas.  & 
melhemoglobin  values 

10  days         Hemodynamic  &  blood-gas 
values 


24  days  Hemodynamic  &  blood-gas 

values 


14         0,8.  32.  128  ppm 


Levy«-»  20         0- 1 0  ppm 

etal,  1995 


Fierobe*^  1 3  0-5  ppm 

etal,  1995 


Gerlach*"  12         0-10(1  ppm 

etal,  1993 


Wysocki*' 

17 

0-10  ppm 

etal.  1993 

Gerlach*" 

3 

<  1  ppb 

etal,  1993 

Puybasset,*' 

6 

0-2  ppm 

1994 

Puybasset'" 

21 

2  ppm,  with  & 

etal,  1995 

without  10  cm  HjO 
PEEP 

Hemodynamic,  blood-gas, 
end-tidal  Pco,  values 


Hemodynamic  &  blood-gas 
values 


30  days  Hemodynamic  &  blood-gas 

values 


Hemodynamic  &.  blood-gas 
values 


Hemodynamic  &  blood-gas 
values 


Hemodynamic  &  blood-gas 
values 


1 3  days  Hemodynamic  &  blood-gas 

values 


Hemodynamic  &  blood-gas 
values 


—  Hemodynamic  &  blood-gas 

values 


Inhaled  NO  reduced  PVR.  increased  arterial 
oxygenation,  and  improved  V/Q;  no  systemic 
vasodilation 

Inhaled  NO  reduced  PVR  &  increased  arterial 
oxygenation  without  systemic  effects;  effects 
greatest  in  patients  with  greatest  degree  of 
pulmonary  hypertension 

Improvement  in  oxygenation  in  =85%  of  patients 
&  improvement  in  PAP  in  =65%  of  patients;  no 
clinically  significant  change  in  methemoglobin; 
no  evidence  of  tachyphylaxis 

Minimal  improvement  in  Pa02/FiOi  &  PAP  in  5/16 
trials;  concluded  that  although  inhaled  NO 
improves  oxygenation  and  pulmonary 
hemodynamics  in  patients  with  ARDS,  the  effect 
is  variable 

PaO,/F|0;  progressively  increased  at  inhaled  NO 
doses  of  10  and  20  ppm,  but  no  further  increase 
at  40  ppm;  decrease  in  PAP  at  20  ppm,  but  no 
further  decrease  at  40  ppm 

Inhaled  NO  reversed  the  increase  in  PVR 
occurring  with  permissive  hypercapnia;  significant 
increase  in  arterial  oxygenation  during 
normocapnic  &  hypercapnic  conditions;  decrease 
in  alveolar  dead  space  with  inhaled  NO  (n  =  5) 

Major  beneficial  effect  of  inhaled  NO  was 
improvement  in  oxygenation  rather  than  reduction 
in  PAP;  degree  of  improvement  in  arterial 
oxygenation  related  directly  to  PVR  before 
treatment 

Improvement  in  oxygenation  in  19/20  patients, 
allowing  reduction  in  Fjo;  &  PEEP;  reduction  in 
PAP  with  no  change  in  systemic  hemodynamics; 
14/20  (70%)  discharged 

Inhaled  NO  reduced  the  afterload  on  the  right  ven- 
tricle without  changing  right  ventricular  output; 
hemodynamic  effects  of  inhaled  NO  were  not 
closely  related  to  the  improvement  in  arterial 
oxygenation 

ED50  for  improvement  of  oxygenation  was  100 
ppb;  peak  effect  for  oxygenation  was  10  ppm; 
ED50  for  reduction  of  PAP  was  2-3  ppm 

Effects  of  inhaled  NO  were  small  &  not 
significant;  10/17  patients  were  nonresponders  to 
inhaled  NO;  7/17  patients  had  pronounced  results 
with  the  combination  of  inhaled  NO  &  almitrinc 

Improvement  in  oxygenation  occurred  at  <1  ppm; 
improvement  in  oxygenation  with  inhaled  NO 
did  not  require  reduction  of  PVR 

Improvement  in  oxygenation  &  PVR  with  inhaled 
NO  <  2  ppm;  small  reduction  in  Paco;  with 
inhaled  NO 

Factors  affecting  response  of  arterial  oxygenation 
to  inhaled  NO  were  PEEP-induced  alveolar 
recruitment  &  the  baseline  level  of  pulmonary 
hypertension 
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Fig.  9.  Dose  response  for  PaO:  and  Pra  (mean  pulmonary  artery 
pressure)  to  Inspiratory  NO  doses.  Note  that  ttie  estimated  ED50  of 
NO  (defined  by  Geriacfi  et  a!  as  tfie  dose  ttnat  produced  50%  of  the 
maximal  effect)  for  improvement  of  arterial  oxygenation  is  "=100 
ppb  (0.1  ppm);  the  estimated  ED50  for  improvement  of  Pra  is  =  2-3 
ppm.  (Reprinted  from  Reference  86,  with  permission.) 


is  also  assumed  that  all  of  the  conversion  of  NO  is  to  NO2 
Integration  of  Equation  I  yields: 


1 


INO,]      |NO„| 


=  A    10: 


where  [NO,]  is  the  NO  concentration  after  a  residence  time 
t,  [NO(i]  is  the  initial  NO  concentration.  [O2I  is  the  O2  con- 
centration, and  k  is  the  rate  constant  for  conversion  of  NO. 
The  difference  between  [NO,]  and  [NOoJ  is  the  [NO:].  Glas- 
son  and  Tuesday  '"  in  1963  reported  the  value  of  k  as  1 .57 
X  10"''  ppnr-  min~'  at  23°  C  and  a  barometric  pressure  of  1 
atmosphere.  However,  this  rate  constant  was  determined  under 
static  dry  conditions  and  might  differ  in  dynamic  systems  such 
as  adult  mechanical  ventilation.  We  found  a  rate  constant  of 
1 .46  X  10"'^  ppm"-  min"'  when  NO  was  blended  with  No  before 
entering  the  ventilator  and  observed  that  it  increased  8-fold 
to  1.17  X  10""*  ppm"-min"'  when  NO  was  blended  with  air 
before  introduction  into  the  ventilator  (Fig.  10).'*''  Adia  et  al"" 
found  that  the  rate  constant  was  smaller  at  37°  C  than  23°  C, 
but  that  it  was  not  affected  by  humidity. 


keep  the  inhaled  NO2  as  low  as  possible  because  its  effects 
in  an  injured  lung  (eg,  ARDS)  are  unknown.  Because  NO2 
is  an  atmospheric  pollutant,  its  toxic  pulmonary  effects  have 
been  investigated  in  many  studies  as  reviewed  by  Gong.'"" 
Animal  studies  evaluating  the  parenchymal  effects  of  high 
levels  of  inhaled  NO2  OlO  ppm)  have  reported  pulmonary 
edema,  hemoiThage,  changes  in  surface  tension  properties  of 
surfactant,  reduction  in  number  of  alveoli,  and  death.'"''"'* 
Inhaled  NO2  at  concentrations  as  low  as  2  ppm  produced  alve- 
olar cell  hyperplasia,  altered  surfactant  hysteresis,  changes 
in  the  epithelium  of  the  terminal  bronchiole,  and  loss  of 
cilia.'"*'"''  In  humans,  2.3  ppm  NO2  was  shown  to  affect  alve- 
olar permeability.'"''  Several  studies  evaluating  airway 
responses  to  low  levels  of  inhaled  NO2  have  reported  con- 
flicting results.'"'  Some,  however,  have  reported  increased 
airway  responsiveness  at  inhaled  NO2  <  2  ppm.'"*'"'''"*'  Inhaled 
NO2  may  remain  in  the  lungs  for  prolonged  periods  of  time 
because  it  reacts  with  water  to  produce  nitric  acid  and  under- 
goes irreversible  absorption  by  the  pulmonary  epithelial  lin- 
ing fluid.'"''  Exhaled  NO2,  therefore,  may  not  be  a  sensitive 
indicator  of  toxic  pulmonary  levels. 

The  extent  of  conversion  of  NO  to  NO2  is  determined 
by  the  residence  time  of  NO  with  O2  and  is  accelerated  by 
increased  NO  concentrations  and  high  Fio:-"'  '"'•'"'■""  The 
conversion  rate  of  NO  to  NO2  is  delertnined  by  O2  con- 
centration, the  square  of  NO  concentration,  and  the  resi- 
dence time  of  NO  with  O2.  The  kinetics  of  this  is  described 
by  the  relationship:'"'''' 


-J[NO] 
d/ 


=  /(:|0:l[N01- 


NO  (ppm) 


Because  O2  concentration  is  typicalK  much  greater  than 
NO  concentration,  it  is  assumcti  that  0->  remains  constant.  It 


NO  (ppm) 

Fig.  10.  Time  required  to  generate  2  ppm  NOj  in  a  mechanical 
ventilator  system  using  rate  constants  published  by  NIshlmura  et 
al.^'  A.  NO  (800  ppm)  mixed  with  nitrogen  before  Introduction  Into 
the  ventilator.  B.  NO  (800  ppm)  mixed  with  room  air  before  intro- 
duction into  the  ventilator  system.  Note  that  the  generation  of  NO2 
is  accelerated  when  NO  Is  mixed  with  air  due  to  the  presence  of 

oxygen  in  air  ( =  30%  oxygen, =  60%  oxygen, 

and  =90%  oxygen). 


In  breathing  systems.  NO2  concentration  is  greater  with 
increa,sed  NO  concentration,  higher  Fjo:.  or  lower  Ve.'''*""  The 
NO2  concentration  delivered  to  the  patient  is  also  greater  for 
\entilators  with  a  higher  internal  volume  (eg.  Servo  900C) 
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than  for  those  with  a  lower  internal  volume  (eg.  Puritan-Ben- 
nett 7200ae)  because  this  increases  the  residence  time  of  NO 
with  02/'" 

There  is  a  potential  for  NO  conversion  to  NO:  in  lung  units 
with  long  residence  times.  We  have  observed  that  levels  of 
exhaled  nitric  oxide  of  50-757f  of  inhaled  levels  are  common 
when  inhaled  NO  is  administered  to  patients  with  ARDS.  Data 
from  our  laboratory  indicate  that  a  relatively  long  residence 
time  is  required  to  produce  2  ppm  NO2  at  the  NO  concentration 
typically  used  in  the  treatment  of  ARDS  (ie.  <  20  ppin).''"  At 
a  rate  constant  of  1 .46  x  10"  ppm  -  min^'.  the  time  required 
to  produce  2  ppm  NO:  is  4.6  niin  when  the  breathing  mix- 
ture is  QO'/f  O:  and  6.8  min  w  hen  it  is  60'7f  O:.  Such  prolonged 
residence  times  are  unlikely  during  ARDS  but  might  occur 
in  patients  with  severe  chronic  airflow  obstruction.  Further 
work  is  needed  to  detennine  whether  conversion  of  NO  to  NO: 
does  occur  in  the  lungs  during  NO  administration. 

A  soda  lime  absorber  in  the  inspiratoiy  circuit  can  be  used 
to  remove  NO:.'"' '"'""  Stenqvist  et  al" '  evaluated  the  effec- 
tiveness of  soda  lime  to  absorb  NO:  ^ind  reported  that  3  ppm 
NO2  decreased  to  less  than  1  ppm  after  passing  through  the 
absorber.  However,  soda  lime  also  absorbs  NO." '  its  effec- 
tiveness decreases  over  time,  and  some  forms  of  soda  lime 
may  be  ineffective  in  removal  of  NO2."-  The  use  of  a  soda 
lime  canister  introduces  other  potential  problems  during 
mechanical  ventilation  such  as  increased  resistance  to  breath- 
ing, increased  risk  of  system  leaks,  increased  compression  vol- 
ume, more  difficult  triggering  of  the  ventilator,  and  modifi- 
cation of  inspiratory  tlow  waveforms. 

Methemoglobinemia 

Methemoglobin  is  produced  when  the  iron  in  heme  is  oxi- 
dized from  Fe^  to  Fe*^.'"  Unlike  any  other  gas.  NO  binds 
to  Fe^  and  Fe***.  In  the  oxidized  form,  iron  cannot  bind  to 
O2  and  the  affinity  of  the  other  heme  groups  for  0:  increases 
(ie.  shifts  the  oxyhemoglobin  dissociation  curve  to  the  left). 
Nonnal  metliemoglobin  is  <  2%  and  levels  <  3'7f  do  not  require 
treatment.  Normal  metHb  levels  may  be  due.  in  part,  to 
metabolism  of  endogenous  NO.  A  number  of  oxidizing  agents 
can  produce  methemoglobinemia.  A  common  cause  of  methe- 
moglobinemia is  exposure  to  nitrates.  Methemoglobin  reduc- 
tase within  the  erythrocyte  converts  endogenously  produced 
methemoglobin  to  normal  hemoglobin.  NADH-methe- 
moglobin  reductase  is  predominant  and  reduces  two  thirds 
of  the  metHb  produced. 

The  light  absoiption  of  methemoglobin  differs  from  that 
of  normal  hemoglobin.  This  allows  measurement  of  methe- 
moglobin levels  by  multiple  wavelength  spectrophotometry 
(CO-oximetry).'"  Because  pulse oximetiy  uses  only  two  wave- 
lengths and  cannot  distinguish  between  oxyhemoglobin  and 
methemoglobin.  its  accuracy  is  affected  by  the  presence  of 
methemoglobin. '  '^  Infusion  of  the  reducing  agent  methylene 
blue  for  treatment  of  methemoglobinemia  may  also  affect  the 


accurac)'  of  pulse  oximetrv'.'"  This  is  due  to  the  effects  of  cir- 
culating methylene  blue  on  light  absoiption  at  the  wavelengths 
used  by  pulse  oximeters. 

Production  of  methemoglobin  by  NO  exposure  has  been 
known  for  yeai's,"' ""■'  "^'-"  and  the  high  affinity  of  hemoglobin 
for  NO  explains  the  selectivity  for  inhaled  NO  on  the  pul- 
monary vasculature  (described  earlier).  It  has  been  recog- 
nized for  many  years  that  high  inhaled  NO  concentrations 
(>  2%)  rapidly  produce  methemoglobinemia  and  death  in 
dogs.''^  However,  other  animal  studies  have  shown  that  methe- 
moglobinemia does  not  constitute  a  problem  at  the  doses  com- 
monly used  with  ARDS  (<  20  ppm).'''''"  Azoulay  et  al'-' 
exposed  rats  to  2  ppm  inhaled  NO  continuously  for  6  weeks 
and  methemoglobinemia  did  not  occur.  Similar  results  have 
been  reported  in  humans  (Fig.  1 1  ).'^i".79-8i.83  jj  j^  qu,-  prac- 
tice to  monitor  methemoglobin  levels  daily  for  patients  receiv- 
ing inhaled  NO.  If  a  rare  upward  trend  in  the  methemoglobin 
level  occurs,  this  can  usually  be  controlled  by  using  a  lower 
but  still  effective  NO  dose.  In  our  experience  with  inhaled 
NO  in  more  than  100  patients,  we  have  had  only  one  case 
in  which  the  methemoglobin  exceeded  5%.'-- 
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1 1 .  Methemoglobin  levels  during  the  first  3  weeks  of  NO  inhala- 
In  30  patients  inhaling  an  average  of  =10  ppm  for  an  average  of 
days.  (Repnnted  from  Reference  79,  with  permission.) 


The  usual  treatment  of  methemoglobinemia  is  infusion 
of  methylene  blue,  which  increases  N  ADH-methemoglobin 
reductase.  Methemoglobinemia  can  also  be  treated  with  ascor- 
bic acid  (vitamin  C).  Because  methylene  blue  may  inhibit 
the  effect  of  guanylate  cyclase,  there  is  concern  that  its  use 
might  counteract  the  effects  of  inhaled  NO.  This  was  stud- 
ied by  Young  et  al'-'  in  hypoxic  sheep,  and  they  found  that 
methylene  blue  did  not  inhibit  the  action  of  inhaled  NO  on 
guanylate  cyclase. 

Production  of  Peroxynitrite 

Little  is  known  about  the  potential  intracellular  toxicity 
of  inhaled  NO  at  the  doses  used  with  ARDS.  Superoxide  (O2") 
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reacts  with  NO  to  prcxluce  peroxynitrite  (ONOO"),'-'"-'^  a  strong 
oxidant  that  readily  catalyzes  membrane  lipid  peroxidation. 
However,  it  is  possible  that  inhaled  NO  may  also  scavenge 
O2  by  this  pathway  and  decrease  oxidant-induced  lung  injury. 
Whether  peroxynitite  production  is  helpful  or  harmful  to 
patients  with  acute  lung  injury  is  unknown. 

Adverse  Effects  of  Inhaled  NO 

Platelet  Inhibition 

Inhibition  of  platelet  aggregation  by  NO  was  demonstrated 
by  Mellion  et  al'-''  and  Radomski  et  al.'-^  '-■*  In  vitro  studies 
have  sht)vvn  that  NO  causes  antiplatelet  effects  by  activating 
guanylate  cyclase  and,  thus,  increasing  platelet  cGMP.'-'^''^ 
This  results  in  inhibition  of  platelet  adhesion,  aggregation, 
and  agglutination.  When  rabbits  were  exposed  to  30  and  300 
ppm  of  inhaled  NO,  bleeding  time  increased  at  15  min  by  46% 
with  30  ppm  and  72%  with  300  ppm.'-'  When  healthy  vol- 
unteers were  exposed  to  30  ppm  inhaled  NO  for  15  min,  bleed- 
ing time  increased  by  33%  (Fig.  12)."'* 


ulopathy  when  deciding  to  use  inhaled  NO  for  an  ARDS 
patient,  this  effect  may  not  be  clinically  important. 
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Fig.  13.  Changes  in  bleeding  time  induced  by  administration  of  5 
randomly  selected  concentrations  of  inhaled  NO  (1.  3,  10,  30,  100 
ppm)  to  6  patients  with  ARDS.  Note  that  inhaled  NO  did  not  affect 
bleeding  times.  (Reprinted  from  Reference  1 34,  with  permission.) 
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Fig.  12,  Bleeding  time  ratios  (ie,  bleeding  time  after  ad- 
ministration/bleeding time  before)  for  6  healthy  volunteers  after 
breathing  30  ppm  NO  for  15  min.  (Reprinted  from  Reference  132, 
with  permission.) 


The  effect  of  inhaled  NO  on  platelet  aggregation  in  pa- 
tients with  ARDS  was  examined  by  Samama  et  al.''"*  Platelet 
lunction  and  bleeding  time  were  examined  in  6  patients  with 
inhaled  NO  levels  randomly  administered  at  I.  3,  10,  30,  and 
100  ppm.  Platelet  aggregation  and  agglutinatitMi  were  sig- 
nificantly decreased  at  each  NO  dose.  Tlie  NO-induced  inhi- 
bition ot  platelet  function  was  not  dose-dependent,  and  the 
maximal  inhibition  occurred  at  3  ppm.  However,  the  anti- 
thrombotic effect  was  not  associated  with  a  change  in  bleed- 
ing time  (Fig.  1 3).  .Although  it  is  prudent  to  consider  coag- 


Several  studies  have  examined  the  effects  of  inhaled  NO 
in  patients  with  left  ventricular  dysfunction.'"  '"  At  high  doses 
(40-80  ppm).  inhaled  NO  has  been  shown  to  decrease  PVR 
and  elevate  pulmonary  capillary  wedge  pressure  in  such 
patients  (Fig.  14).  One  presumes  that  the  reduction  in  right 
ventricular  afterload  causes  an  increase  in  right  ventricular 
output.  The  resultant  acute  increase  in  left  ventricular  filling 
could  produce  pulmonary  edema  in  patients  with  pre-exist- 
ing left  ventricular  d)  sfunction.  Although  this  effect  may  be 
less  with  the  doses  commonly  used  for  ARDS  (<  20  ppm). 
we  generally  a\oid  the  use  of  inhaled  NO  in  patients  with  doc- 
umented left  ventricular  failure. 

Rebound  Hypoxemia  &  Pulmonary  Hypertension 

Gerlach  et  af*^  and  then  Bigatello  et  al"  reported  that  with- 
drawal of  inhaled  NO  could  present  a  problem  in  some  patients. 
Roissant  et  al'''  reported  a  decrease  in  arterial  oxygenation 
and  an  increase  in  PAP  with  daily  trials  of  NO  withdrawal 
(Fig.  15).  Miller  et  al'"*  reported  rebound  pulmonary  hyper- 
tension with  withdrawal  of  inhaled  NO  (Fig.  16).  It  has  been 
our  clinical  experience  that  rebound  commonly  occurs  w  hen 
inhaled  NO  is  discontinued.  To  be  specific,  a  transient  (4-8  h) 
deterioration  in  oxygenation  occurs,  and  pulmonary  hyper- 
tension develops,  which  may  be  potentially  life-threatening 
in  some  patients.  The  reasons  for  this  rebound  effect  are  not 
entirely  known  but  may  relate  to  feedback  inhibition  of  NO- 
synthase  activity. '■'^•'•*'' 

We  follow  several  guidelines  to  avoid  the  deleterious 
effects  of  rebound  during  withdrawal  of  inhaled  NO.  First, 
we  decrease  the  NO  to  the  lowest  effective  dose  (<  5  ppm). 
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Fig.  14.  A.  Relationship  between  dose  of  inhaled  NO  and  pul- 
monary vascular  resistance  (PVR).  B.  Relationship  between  dose 
of  inhaled  NO  and  pulmonary  capillary  wedge  pressure  (PCWP). 
Note  that  the  reduction  In  PVR  is  associated  with  an  Increase  In 
PCWP,  (Reprinted  from  Reference  137,  with  permission.) 

Second,  we  do  not  withdraw  inhaled  NO  until  the  patient's 
clinical  status  has  improved  sufficienlly  (eg.  Fio:  =  0.40. 
PEEP  =  5  cm  H2O.  hemodynamically  stable).  Third,  we 
increase  the  F102  to  0.60-0.70  before  withdrawal  of  inhaled 
NO  and  prepare  to  support  the  patient's  hemodynamics  if 
necessary.  We  have  found  thai  increasing  the  Fk),  from  0.40 
to  0.70  is  sufficient  to  prevent  the  clinical  sequelae  of  inhaled 
NO  withdrawal. 

NO  Delivery  Systems 
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Fig.  15.  Hemodynamic  function  and  gas  exchange  before,  during, 
and  after  brief  interruptions  (arrows)  of  inhaled  NO  (bars)  during 
the  first  6  days  of  treatment  in  7  patients  with  ARDS,  Note  the 
large  changes  in  pulmonary  artery  pressure  (PAP),  arterial  oxygen 
tension  (PaO;).  ratio  of  arterial  oxygen  tension  to  fractional  concen- 
tration of  inhaled  oxygen  (PaO;/Fio-).  and  ratio  of  pulmonary  to 
total  shunt  (Qva/Qt)  when  NO  was  acutely  discontinued.  For  this 
reason,  we  do  not  recommend  on/off  trials  to  assess  NO  respon- 
siveness, (Reprinted  from  Reference  61,  with  permission) 
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Fig.  16,  Rebound  pulmonary  hypertension  during  withdrawal  of 
inhaled  NO  (O)  or  placebo  (D),  Pre-wean  represents  mean  pul- 
monary artery  pressure  (Pra)  before  attempting  weaning;  post- 
wean  represents  highest  Pra  during  weaning  of  study  gas, 
(Reprinted  from  Reference  138.  with  permission,) 


No  commercial  systems  for  delivery  of  inhaled  NO  are  now 
available,  and  the  devices  used  vary  considerably  from  insti- 
tution to  institution.  We  believe  that  the  following  are  impor- 
tant considerations  when  building  a  system  for  delivery  of 
inhaled  NO: '^' 

•    Dependable  and  safe  system:  Inhaled  NO  is  used  with  the 
most  critically  ill  patients,  and  complex  systems  are  vul- 


nerable to  eiTors  that  could  compromise  ventilation,  oxy- 
genation, or  delivery  of  the  correct  NO  concentration.  The 
function  of  NO  delivei7  systems  must  be  thoroughly  eval- 
uated in  the  laboratory  before  patient  use.  and  these  eval- 
uations should  be  published  to  assist  others. 

Precise  and  stable  NO  dose  delivery:  It  is  importani  to 
deliver  a  precise  and  stable  dose  to  avoid  complications 
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associated  with  inhaled  NO.  NO  is  typically  supplied  from 
a  cylinder  with  a  high  NO  concentration  (800-2200  ppni 
of  NO  in  N:).  It  is  then  diluted  with  Ni,  air,  or  O2  before 
delivery  to  the  patient.  The  choice  of  cylinder  concentration 
is  determined  by  safety  and  convenience.  A  higher  con- 
centration is  convenient  (fewer  cylinder  changes  and/or 
smaller  cylinders)  but  increases  the  risk  of  exposure  to  high 
NO  and  NO2  (for  both  the  patient  and  bedside  care 
providers).  A  source  gas  with  a  higher  NO  concentration 
also  allows  delivery  of  a  higher  F|0:  due  to  less  dilution 
(ie,  lower  flow)  from  the  NO  source. 

Limit  NO2  production:  Our  clinical  goal  is  to  maintain 
inhaled  NO2  as  low  as  possible  (always  <  2  ppm).  At  NO 
doses  <  20  ppm,  the  risk  of  significant  NO2  production  in 
adult  ventilator  systems  is  low  unless  the  Fjo,  is  high  (> 
0.9)  and  the  minute  \enlilation  is  low  (<  5  L/min).  Although 
the  use  of  soda  lime  has  been  recommended  to  limit  NO2 
delivery,  significant  NO2  generation  can  be  minimized  by 
proper  system  design. 

NO  and  NO2  monitoring:  Many  clinical  centers  that  are 
administering  inhaled  NO  have  developed  nomograms  to 
assist  with  proper  dosing.  However,  there  is  imprecision 
of  the  blenders  used  to  mix  NO.  N2.  and  O2 — none  of  which 
ha\e  been  calibrated  for  use  with  NO.  Therefore,  it  is  impxjr- 
tant  to  directly  monitor  inhaled  NO  and  also  to  monitor 
inhaled  NO2  because  of  its  potentially  injurious  effects. 

Permit  scavenging  of  NO:  Legitimate  concerns  exist  re- 
garding contamination  of  the  environment  with  NO  and 
NO2  and  the  potential  for  adverse  effects  on  health  care 
providers  at  the  bedside.  OSHA  has  set  exposure  limits 
for  NO  at  a  time-weighted  average  of  25  ppin  for  8  hours 
in  the  workplace.  This  is  higher  than  the  typical  NO  dose 
(<  20  ppm).  In  intensive  care  environments  that  have  > 
6  airexchanges/h,  ambient  NO  levels  should  remain  very 
low.  It  has  been  our  experience  that  ambient  NO  levels 
are  low  during  NO  administration  (<  0.25  ppm)  with  or 
without  scavenging  (Fig.  17).  Nonetheless,  we  do  scav- 
enge the  exhaled  gases  during  NO  therapy.  It  is  important 
that  the  scavenging  system  be  constructed  so  that  it  does 
not  affect  the  function  of  tlie  ventilator  and  does  not  increase 
the  cxpiratoi-y  resistance.  It  should  be  ap[iieciated  that  scav- 
enging gases  from  the  exhalation  port  of  the  ventilator  does 
not  completely  eliminate  ambient  contamination  because 
the  ventilator  may  inicrnaily  leak  gas  (containing  NO)  as 
part  of  its  normal  operation. 

Maintain  proper  ventilator  function:  Care  must  be  taken 
to  assure  that  adapting  the  ventilator  to  deliver  NO  does 
not  affect  ventilator  function.  In  particular,  the  alarm  sys- 
tems should  not  be  affected.  The  addition  of  NO  lowers 
the  Fio;,  and  for  that  reason  O2  concentration  shcuild  be 


Time  (min) 

Fig.  1 7.  Ambient  NO  and  NO2  levels  for  1  hour  with  1 00  ppm  NO 
delivered  into  an  ICU  room  at  8  Umin.  NO  and  NO2  measured  by 
chemiluminescence  10  ft  from  NO  flow.  Note  that  ambient  NO 
and  NO2  levels  remain  low  with  no  scavenging  other  than  usual 
room  ventilation. 


monitored  distal  to  the  site  of  NO  titration  into  the  system. 
(Note  that  it  is  impossible  to  deliver  l{X)%  O2  during  inhaled 
NO  therapy. )  There  is  concern  regarding  the  effect  of  NO 
on  the  internal  components  of  the  ventilator  and  the  exter- 
nal blenders  and  flowmeters  exposed  to  NO.  However,  we 
have  not  detected  damage  or  malfunction  of  equipment 
related  to  NO  exposure,  even  after  thousands  of  hours  of 
exposure  (unpublished  observation). 

Techniques  for  NO  Delivery 

Adult  Mechanical  Ventilators 

A  simple  method  for  delivering  NO  is  continuous  admin- 
istration into  the  inspiratory  limb  of  the  ventilator  circuit.*'-'''- 
The  mean  NO  concentration  delivered  to  the  patient  is  esti- 
mated from  the  NO  flow  and  the  inspiraton  flow.  We  do  not 
recommend  such  systems  for  use  with  adult  ventilators  that 
have  phasic  flow  (ie,  flow  only  during  inspiration).  With  such 
systems,  the  inspiratory  circuit  tills  w  iih  NO  during  expira- 
tion and  a  large  bolus  of  NO  is  delivered  to  the  patient  with 
the  beginning  of  each  breath.  NO  delivery  is  also  affected  by 
changes  in  the  inspiratory  flow  waveform,  the  minute  ven- 
tilation, the  site  at  w  hich  NO  is  titrated  into  the  circuit,  and 
the  ratio  of  inspiraton  -to-expiratory  time  (I:E).  The  additional 
flow  augments  tidal  volume  (v\iili  either  pressure  or  volume 
ventilation),  and  triggering  is  not  possible  unless  the  patient's 
inspiratory  flow  exceeds  the  NO  flow. 

If  NO  is  continuously  added  at  the  Y-piece,*^*'-'^-'''"  the 
inspiratory  circuit  does  not  till  with  NO  during  expiration. 
Instead,  the  NO  bleeds  out  the  expiratory  limb  of  the  venti- 
lator during  expiration.  Most  important,  ht)wever,  it  is  not  pos- 
sible to  measure  the  inspired  NO  concentration  with  this 
method,  and  the  dose  can  only  be  approximated  by  mathe- 
matical calculation.  This  system  suffers  many  of  the  same  lim- 
itations of  NO  titration  into  the  inspiratory  circuit — specif- 
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ically,  augmentation  of  tidal  volume,  decreased  ability  to  trig- 
ger the  ventilator,  and  changes  in  delivered  concentration  of 
NO  with  changes  in  inspiratory  flow. 

A  constant  flow  of  NO  has  also  been  delivered  through  the 
endotracheal  tube  into  the  trachea.**'  Problems  associated  with 
this  method  are  similar  to  titration  at  the  Y-piece.  In  addition, 
we  believe  that  this  method  can  be  dangerous.  During  acci- 
dental disconnection.  O^-free  NO  gas  continues  to  flow  into 
the  trachea  and  quickly  produces  hypoxia. 

NO  may  be  injected  into  the  ventilator  circuit  during  the 
inspiratory  phase." '■'*'■'*-■'*'*■*  This  has  been  accomplished  by 
using  a  nebulizer-drive  mechanism  that  operates  during  inspi- 
ration. The  gas  supply  to  the  nebulizer  contains  the  NO  required 
to  achieve  the  desired  patient  dose  after  being  mixed  with  gas 
delivered  from  the  ventilator.  Because  the  gas  flow  from  the 
nebulizer  is  constant  during  inspiration,  this  method  deliv- 
ers a  constant  NO  dose  only  with  constant  flow  ventilation. 
It  does  not  work  well  with  varying  inspiratory  flow  patterns 
such  as  pressure  control.  Also,  this  method  does  not  deliver 
a  stable  dose  with  ventilatory  modes  such  as  pressure  sup- 
port in  which  tidal  volume  and  inspiratory  time  vary  from  breath 
to  breath.  The  major  benefit  of  this  method  is  that  it  minimizes 
NO2  generation  because  the  residence  of  NO  in  an  02-con- 
taining  gas  mixture  is  minimized.  However,  this  method  does 
not  allow  precise  control  of  the  inspired  NO  concentration 
and  is  available  with  only  a  few  ventilator  systems.  For  this 
method  to  be  acceptable,  flow  from  the  ventilator  must  be  con- 
tinuously and  precisely  measured,  and  the  injected  dose  of 
NO  must  be  precisely  titrated  so  that  the  delivered  NO  and 
inspiratory  flow  waveform  are  not  affected. 

Several  papers  describe  systems  to  administer  inhaled  NO 
to  adult  mechanically  ventilated  patients  by  premixing  the  NO 
with  N2  (or  air)  and  introducing  the  mixture  proximal  to  the 
gas  inlet  of  the  ventilator.^-'"*"'^" '■'■"'■*''  These  systems  typ- 
ically add  the  0;-N2-N0  gas  mixture  to  the  low-flow  inlet 
of  the  Servo  900C  ventilator  or  the  high-pressure  air  or  O2 
inlet  of  a  ventilator  such  as  the  Puritan-Bennett  7200. 

At  the  Massachusetts  General  Hospital,  we  have  designed 
a  system  to  accomplish  this  using  the  Puritan-Bennett  7200 
ventilator  (Fig.  18).*'  An  air-02  blender  is  used  to  add  NO 
(eg,  800  ppm)  to  the  O2  inlet  of  the  blender,  and  N2  or  air  is 
added  to  the  air  inlet  of  the  blender.  The  choice  of  air  or  Nt 
as  the  diluent  is  determined  by  the  extent  of  NO2  generation. 
NO  must  be  mixed  with  N2  with  high  NO  doses  (>  20  ppm). 
high  Fio:  (eg,  >0.90),  or  low  minute  ventilation  (<  5  L/min). 
The  gas  mixture  leaving  the  blender  is  delivered  to  the  high- 
pressure  air  inlet  of  the  ventilator.  The  final  NO  concentra- 
tion delivered  to  the  patient  is  determined  by  the  F102  settings 
on  the  external  blender  and  the  ventilator.  Although  we  have 
developed  nomograms  to  assist  tlie  respiratory  therapist  at  the 
bedside  in  determining  the  correct  blender  setting  to  achieve 
the  desired  NO  concentration  (see  Nomogram),  we  always 
confirm  the  delivered  NO  concentration  by  direct  measure- 
ment. It  is  also  impoilant  to  analyze  Fio;  due  to  the  effect  of 


NO/N2  dilution  on  delivered  Fio:-  It  has  been  our  experience 
and  that  of  others  that  air-02  blenders  do  not  always  deliver 
a  precise  NO  concentration  (Fig.  19).'^"  This  becomes  likely 
when  flow  from  one  of  two  or  more  blenders  in  series  is  less 
than  that  required  for  accurate  gas  mixnig.  Although  multi- 
ple blenders  in  series  can  be  used  to  reduce  the  NO  concen- 
tration, we  have  found  such  systems  to  be  superfluous  and 
unnecessarily  complex. 


To  Wall  Suction 


NO  Analyzer 
NOj  Analyzer 
Oj  Analyzer 


Fig.  18.  NO  delivery  system  used  for  mechanically  ventilated 
patients  at  the  Massachusetts  General  Hospital.  NO  (800  ppm)  is 
mixed  with  N2  (or  air)  and  introduced  into  the  air  inlet  of  the  venti- 
lator (Puritan-Bennett  7200).  The  external  blender  setting  and 
ventilator  Fios  setting  determine  the  delivered  NO  concentration. 
NO,  NO2,  and  Oj  are  measured  at  the  ventilator  outlet.  Exhaled 
gas  leaving  the  ventilator  is  scavenged  to  wall  suction.  Note  that 
leakage  of  gas  form  the  ventilator  into  the  room  may  affect  ambi- 
ent NO  concentration. 


Fig.  19.  Nitric  oxide  concentration  of  output  gas  from  three  different 
double-blender  systems  (ie,  two  blenders  in  series  to  dilute  the 
source  NO  concentration).  Two  systems  (grouped  together,  O) 
demonstrated  a  linear  increase  in  NO  concentration  with  increas- 
ing gas  flow.  The  third  system  (  •)  demonstrated  a  stable  NO  con- 
centration with  changes  in  flow.  The  3  blender  pairs  were  set  to 
deliver  the  same  NO  concentration  (83  ppm).  (Adapted  from  Ref- 
erence 146,  with  permission.) 
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Nomogram* 

External  Blender  Settings  and  VcntilutDr  Fio:  Settings  To  Achieve  Approximate  Delivered  NO  Concentralioiis 

1.  The  N2-NO  mixture  (NO  800  ppm)  is  added  to  O:  inlet  of  external  blender. 

2.  Nt  or  air  is  added  to  air  inlet  of  blender. 

3.  Outlet  of  external  blender  leads  to  air  inlet  of  ventilator. 

4.  Actual  delivered  dose  must  always  be  confirmed  by  analysis. 

*This  nomogram  has  been  used  successfully  at  the  Massachusetts  General  Hospital  since  1993  in  conjunction 
with  a  Puritan-Bennett  7200  ventilator  and  a  Bird  blender. 

Ventilator 
Fio;  Setting 

External  Blender  Setting 

100      90       80       70      60      50      40       30       29       28       27       26       2.S       24       23       22 

Approximate  Delivered  NO  Concentration  (ppm) 
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Premixing  before  introduction  into  the  ventilator  has  the 
advantage  that  the  NO  dose  is  cinistant  thicuighout  inspira- 
tion and  is  not  affected  by  changes  in  minute  ventilation  or 
tlow  \va\eform,  but.  as  we  stated  earlier.  NO;  production  is 
greater  with  ventilators  that  have  large  internal  volumes.'" 
One  potential  disadvantage  of  this  system  is  thai  the  NO  dose 
changes  when  the  ventilator  Fk).  setting  is  changed.  How- 
ever, it  is  easy  to  compensate  for  this  by  adjusting  the  set- 
ting on  the  external  blender.  Another  issue  with  this  system 
relates  to  the  function  of  the  nebuli/er  system  of  the  venti- 
lator. With  some  ventilators  (eg.  Puritan-Bennett  7200),  the 
gas  used  to  power  the  nebuli/er  is  either  air  or  Oj.  depend- 
ing on  the  F|c),.  Because  NO  is  added  via  the  air  inlet  of  the 
venlilator.  activation  of  the  nebulizer  for  bronchodilator  deli\  - 
ery  may  affect  the  delivered  NO  concentration.  This  poten- 
tial problem  can  be  a\  oided  by  use  of  an  inhaler  instead  of 
a  nebuli/er. 

Current-generation  ventilators  use  microprocessor  tech- 
nology to  set  the  delivered  oxygen  concentration.  It  seems  rea- 
sonable to  use  similar  technology  to  set  the  delivery  of  other 
gases  such  as  NO.  Microprocessor  technology  coupled  with 
precision  solenoids  could  he  used  to  mix  air.  O:.  and  NO  to 
achieve  the  desired  Fio;  and  NO  concentration.  Such  systems 
are  available  in  Europe.'^'*  However,  it  is  unlikely  that  indus- 


Uy  will  release  these  systems  in  the  United  States  until  inhaled 
NO  is  apprt)\  ed  by  the  FDA  for  general  clinical  application. 

Pediatric  Mechanical  Ventilators 

Forcontinuous-tlow  ventilators,  such  as  those  used  in  pedi- 
atrics (including  high  IVequencv  oscillators).  NO  can  be 
titrated  into  the  inspiratory  limb  of  the  ventilator  circuit.'''"'"''' 
The  ideal  is  titration  into  the  system  near  the  ventilator  out- 
let, for  adequate  mixing  before  reaching  the  patieni:  and  oxy- 
gen concentrations  shiuild  be  analyzed  distal  lo  the  point  of 
NO  introducliini  into  the  s_\  stem.  NO2  generation  shoukl  be 
relativels  low  because  the  residence  time  in  the  sysiem  is 
short.  The  expected  NO  can  be  calculated  as: 


INOj: 


(NO  flow)  (source  ppm) 
(NO  flow  +  ventilator  flow) 


However,  this  should  be  considered  an  approximation,  anti 
the  actual  delivered  NO  concentration  should  be  measured. 
Once  the  NO  concentration  has  been  established,  the  dose 
remains  constant  provided  that  the  total  flow  through  the  sys- 
tem docs  not  change.  Systems  using  this  approach  have  been 
evaluated  by  others'"*'  and  by  us'^"  and  have  been  found  to 
be  reliable. 
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Manual  Ventilators 

For  manual  ventilation.  NO  can  be  diluted  with  O:  and 
introduced  into  the  gas  inlet  port  of  tlie  manual  ventilator. '■'''■'' 
We  have  used  this  system  with  selt'-intlating  resuscitators  as 
well  as  gas-inflating  resuscitators.  The  expected  NO  con- 
centration can  be  calculated  as: 


rxjQi  _  (NO  flow)  (source  ppm) 
(NO  flow +  0:  flow) 


[4] 


Before  using  this  system  to  ventilate  the  patient,  the  deliv- 
ered NO  concentration  ideally  should  be  analyzed  to  assure 
the  correct  delivered  dose.  It  must  be  recognized  that  NO 
delivery  may  change  with  changes  in  minute  ventilation  if 
the  flow  into  the  manual  ventilator  is  less  than  the  minute 
ventilation.  We  have  used  this  system  for  bedside  manual 
ventilation  and  during  patient  transport  for  diagnostic  pro- 
cedures. Because  this  system  is  used  only  intermittently,  care 
must  be  taken  to  avoid  NO2  generation  between  uses.  This 
could  potentially  result  in  a  large  NO;  delivery  if  the  resus- 
citator  is  not  used  for  a  prolonged  time.  This  is  easy  to  avoid 
by  adequately  flushing  the  resuscitator  with  O;  before  and 
after  each  use.  Although  some  have  described  the  use  of  a 
potassium  permanganate  air-filtration  medium  to  scavenge 
exhaled  NO  and  NO2  during  the  use  of  manual  ventilators. '■*' 
we  have  generally  not  found  this  to  be  necessary — partic- 
ularly with  the  low  doses  (<  20  ppm )  that  we  typically  use 
with  ARDS. 

Spontaneous  Breathing 

Although  ARDS  patients  requiring  inhaled  NO  are  usu- 
ally mechanically  ventilated,  inhaled  NO  can  be  delivered  to 
spontaneously  breathing  patients,  and  several  systems  have 
been  described.  A  high-tlow  system  with  a  tight-fitting  face 
mask  can  be  used.''^^'  and  the  expected  NO  concentration  can 
be  calculated  by  Equation  3. 

Exhaled  gas  can  be  scavenged  by  the  hospital  vacuum  sys- 
tem. Reservoir  bags  should  be  avoided  with  these  systems 
because  of  the  likelihood  of  NO2  generation  within  the  bag. 

Inhaled  NO  can  also  be  administered  to  spontaneously 
breathing  patients  using  a  transtracheal  O2  catheter"-  or  a 
nasal  cannula,'^'  but  there  are  several  limitations  to  these  sys- 
tems. It  is  not  possible  to  analyze  the  delivered  dose,  the  dose 
varies  with  the  ventilatory  pattern  of  the  patient  (Fig.  20). 
and  it  is  also  difficult  to  scavenge  NO. 

NO  &  NO2  Analysis 

Regardless  of  the  method  used  to  deliver  NO.  it  is  manda- 
tory to  monitor  the  delivered  dose.  Due  to  its  toxicity,  it  is  also 
desirable  to  monitor  NO2.  The  principal  methods  used  to  mon- 
itor NO  and  NO2  are  chemiluminescence  and  electrochem- 
ical analysis. 
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Fig,  20.  NO  inhaled  by  nasal  cannula;  100  ppm  NO  delivered  to  the 
cannula.  NO  varies  vi^ith  changes  in  tidal  volume  (le,  •  =  1 .5  L,  Q  = 
1 .0  L.  ■  =  0.5  L,  and  D  =  0.25  L)  and  cannula  flow.  Data  collected 
using  a  lung  model  of  spontaneous  breathing.  Data  from 
Reference  153. 


Chemiluminescence  Analyzers 

The  established  method  for  NO  and  NO2  analysis  is  chemi- 
luminescence.'^"* ''^''  a  method  that  has  been  used  for  many 
years  in  industrial  and  environmental  applications  and  can 
be  adapted  to  biomedical  uses.  In  this  method,  sample  gas 
reacts  with  ozone  (O3)  to  produce  actixated  NO2.  or  NO2*: 


NO  +  O3  -^  NO:*  +  O: 


[5A] 


NO2*  changes  back  to  ground  state  by  emitting  electro- 
masnetic  radiation: 


NO. 


■NO. +  hv. 


[5B] 


The  maximum  radiation  is  emitted  at  1200  nm  and  is 
detected  photoelectrically.  To  be  measurable.  NO2  must  first 
be  converted  to  NO  in  a  thermal  converter  (325°  C)  containing 
molybdenum  (Mo): 


3  NO2  +  Mo  ->  3  NO  +  M0O3. 


[5C] 


The  sum  of  NO  measured  w  ith  and  w  ithout  the  converter 
is  referred  to  as  NOx  ( [NOx]  =  [NO|  +  [NO2] ).  Most  chemi- 
luminescence analyzers  measure  NO  and  NOx  simultaneously 
imd  display  |NO|.  |NOx]  and  [NO2].  A  potential  problem  with 
chemiluminescence  is  quenching.'"'"*'  Some  of  tlie  NO2*  pro- 
duced by  ozonation  of  NO  changes  to  ground  state  by  react- 
ing with  other  molecules  (eg,  O2,  N2.  H2O.  CO2).  The  greater 
the  concentrations  of  these  quenching  molecules,  the  lower 
is  the  chemiluminescence.  and  the  NO  and  NOx  values  will 
be  in  error.  The  effects  of  quenching  can  be  mathematically 
corrected  or  avoided  by  calibrating  the  analyzer  with  the  same 
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gases  present  that  will  be  present  during  analysis.  The  quench- 
ing effect  is  also  less  with  a  molybdenum  than  with  a  stain- 
less steel  conversion  chamber,  and  with  thorough  removal  of 
HiO  from  the  sample. 

Electrochemical  Analyzers 

Chemiluminescence  analyzers  are  accurate  and  precise. 
However,  they  are  also  typically  large,  expensive,  and  cum- 
bersome to  use.  Electrochemical  cells  have  recently  become 
available  to  measure  both  NO  and  NO^.  These  are  designed 
specifically  for  medical  applications  and  are  small,  portable, 
rugged,  and  less  expensive  than  chemiluminescence  devices. 
Electrochemical  analyzers  generate  a  potential  difference  pro- 
portional to  the  concentrations  of  NO  and  NO2,  from  reac- 
tions of  NO  and  NO2  within  an  electrolyte.  Evaluations  of  these 
devices  have  found  them  to  be  suitably  accurate  for  clinical 
ygg  161-169  Because  electrochemical  NO  cells  are  affected  by 
humidity,  they  should  sample  NO  before  the  gas  is  humid- 
ified. These  cells  are  also  pressure  sensitive,  but  this  effect 
can  be  lessened  by  use  of  sidestream  sampling  techniques. 

Inspired,  Tracheal,  &  Expired  Gas  Analysis 

Most  chemiluminescence  and  electrochemical  analyzers 
have  slow  response  times. '  ^"  Tlius,  the  displayed  concentrations 
of  NO  and  NO^  are  time-weighted  averages.  This  is  impor- 
tant to  appreciate  because  real-time  fluctuations  in  NO  deliv- 
ery are  not  detected  by  these  methods.  This  can  result  in  a 
deceptive  impression  of  the  characteristics  of  the  NO  deliv- 
ery pattern  and  dose. 

Most  commonly.  NO  concentration  is  measured  in  the 
inspiratory  limb  of  the  ventilator  circuit.  This  location  accu- 
rately reflects  the  NO  concentration  delivered  to  the  lungs. 
NO  concentration  has  also  been  measured  in  tracheal 
g3S.82.s9.9o.i34  however,  tracheal  NO  concentration  is  affected 
by  changes  in  expiratory  NO  concentrations  and  by  the  ven- 
tilatory pattern  (Fig.  21 ).'"  Inhaled  concentrations  of  NO 
should  be  measured  and  reported  in  a  reproducible  manner. 
To  compare  the  results  of  clinical  studies,  we  believe  that  NO 
concentration  should  be  analyzed  from  the  inspiratory  limb 
of  the  \entilator  circuit. 

In  Summary 

Although  it  is  likely  to  be  several  years  before  NO  is 
approved  for  general  clinical  use,  all  clinicians  caring  for  crit- 
ically ill  patients  should  become  familiar  with  this  therapy. 
Because  it  is  administered  by  inhalation,  delivei"y  systems  for 
NO  legitimately  fall  within  the  practice  of  respiratory  ther- 
apists. Regardless  of  the  future  role  of  inhaled  NO  as  a  ther- 
apeutic agent,  its  investigational  use  is  teaching  us  much  about 
inhaled  selective  pulmonary  vasodilators  and  the  development 
of  safe  delivery  systems  for  such  agents. 


Fig.  21 .  Tracheal  NO  concentration  at  4  l:E  and  3  expired-NO  con- 
centrations (  •  =  0  ppm,  0=7  ppm,  and  ■  =  14  ppm).  Data  col- 
lected using  a  lung  model  with  inspired  NO  concentration  of  20 
ppm.  Note  that  tracheal  NO  concentration  vanes  with  changes  in 
expired  NO  concentration  and  l:E.  For  this  reason,  we  recommend 
that  the  NO  dose  always  be  measured  from  the  inspiratory  limb  of 
the  ventilator  circuit.  Data  from  Reference  171. 
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Hess  Discussion 

Slutsky:  In  terms  of  responders  and 
nonrcsponders.  you  showed  that  the 
patients  with  increased  mean  puhiionaiy 
artery  pressures  are  more  likely  to 
respond.  Jean  Jacques  Rouby  and  his 
group'  showed  the  critical  variable  in 
their  study  to  be  pulmonary  vascular 
resistance  (PVR),  which  makes  a  lot  ol" 
sense.  If  you  have  a  high  pulmonary 
artery  pressure  due  to  increased  cardiac 
output,  there's  no  reason  you"d  expect 
nitric  oxide  to  work.  Do  you  find  the 
same  thing? 


1,    Puybasset  L,  Rouh>  JJ,  Mourgeon  E, 
Clu/el  P,  .Souhil  Z.  Law-Koune  JD,  el  al. 


Factors  inlJuencing  cardiopulmonary 
effects  of  inhaled  nitric  oxide  in  acute  res- 
piratory failure.  Am  J  Respir  Crit  Care 
Med  1 995;  152(2):3 18-328. 


Hess:  Yes.  and  a  point  I  should  have 
made  is  that  if  you  look  at  the  litera- 
ture, many  people  talk  about  changes 
in  mean  pulmonary  artery  pressure,  and 
in  fact,  we  talk  about  changes  in  mean 
pulmonary  artery  pressure,  but  the  im- 
portant thing  is  what  the  pulmonary 
\  ascular  resistance  is.  You  need  to  take 
ilie  next  step  and  "shoot"  the  cardiac 
output  and  calculate  the  resistance 
because  that's  really  what's  important. 
If  the  patient  has  a  high  mean  pul- 
monary artery  pressure  because  he  is 


septic  and  his  cardiac  output's  12 
L/min,  that  means  something  quite  dif- 
ferent from  the  patient  who  has  a  high 
pulmonary  artery  pressure  because  of 
an  increased  PVR. 

Slutsky:  A  comment  on  your  issue  about 
the  correct  dose.  In  facL  I  think  it's  in 
many  ways  actually  quite  simple,  isn't 
it?  Here  you  have  a  drug  that  gives  a 
physiologic  response  almost  instantly — 
certainly  within  a  few  minutes — and 
that's  how  you're  going  to  calculate  the 
dose.  There's  no  reason  to  have  a  single 
universal  dose.  You  Just  have  to  decide 
on  a  starting  dose  and  then  titrate  it.  as 
\ou  go.  So,  I  don't  think  that's  a  big  ques- 
tion. This  is  a  great  drug  in  that  respect. 
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Hess:  That's  a  good  point.  However,  we 
want  to  make  sure  that  we  choose  a  safe 
dose  as  our  starting  dose  and  not  100 
ppm,  so  that  by  the  time  we  get  them 
down  to  5  ppm  they  won't  have  a 
methemoglobinemia. 

Slutsky:  Jean  Jacques  Rouby  and  his 
group'  showed  dose-response  curves  that 
suggest  that  most  patients  respond  to 
nitric  oxide  at  much  lower  concentra- 
tions than  20  ppm  and  some  less  than 
1  ppm,  and  yet  when  you  discussed  this 
issue,  you  kept  hinting  that  you  use  5- 
10  ppm.  which  1  understand  from  the  ht- 
erature  actually  is  pretty  high  now.  I'm 
not  sure  why  you're  using  such  high  lev- 
els, unless  it  relates  to  the  analyzer 
you're  using. 

1.  Puybasset  L.  Rouby  JJ,  Mourgeon  E, 
Stewart  TE.  Cluzel  P.  Arthaud  M,  et  al. 
Inhaled  nitric  oxide  in  acute  respiratory 
failure:  dose  response  curves.  Intensive 
Care  Med  1994;20(5):319-327. 

Hess:  Ah.  you  struck  right  on  it.  One 
of  the  issues  is  how  Rouby  samples 
inhaled  NO.  He  aspirates  gas  from  the 
trachea  and  calls  that  the  inhaled  NO 
dose.  He  is  probably  getting  a  time- 
weighted  average  of  inhaled  and  ex- 
haled NO.  We've  actually  looked  at 
some  of  his  work  and  have  modeled 
some  things  in  the  lab.  Sometimes 
where  he  reports  that  he  is  adminis- 
tering 2  ppm,  in  reality,  due  to  the  1:E 
and  what  the  expiratory  NO  concen- 
tration might  be,  he  may  be  adminis- 
tering 8-10  ppm.  So  the  doses  that  he 
finds  effective.  I  think,  are  very  sim- 
ilar to  the  doses  that  we  find  effective. 
We're  measuring  the  NO  on  the  inspi- 
ratory limb  of  the  ventilator  circuit, 
which  is  actually  what's  going  to  the 
patient.  He's  reporting  this  time- 
weighted  average  dose  from  the  gases 
aspirated  from  the  trachea.  Because  of 
the  very  slow  response  times  of  the 
chemiluminescence  analyzers,  I  don't 
think  that  you  can  aspirate  gas  from  the 
trachea  and  call  that  the  inhaled  dose — 
unless  you  have  a  device  that  has  a  very 
rapid  response  to  give  you  almost  a 
capnogram  sort  of  indication  of  NO. 


Slutsky:  Some  devices  respond  rela- 
tively quickly. 

Hess:  Yes.  The  Sievers  device,  for 
example. 

Brochard:  I  think  the  question  of  the 
dose  is  important  but  not  entirely  clear. 
First,  I  fully  agree  with  you  that  the  way 
you  do  the  sampling  is  something  that 
is  not  easy.  Second,  1  think  it  raises  the 
question  of  why  we  want  to  use  NO  in 
patients  and  what  the  objectives  are.  In 
fact,  there  are  now  several  ongoing  mui- 
ticenter  studies  of  NO  and  ARDS.  and 
I'm  not  sure  that  the  objectives  are  really 
clear.  The  first  one  could  be  to  have  spe- 
cific effects  of  NO  at  the  molecular 
level,  but  probably  there  is  no  clear 
hypothesis  about  that.  If  that  is  the  case, 
then  we  should  use  other  cheaper  and 
less  toxic  vasodilators  because  the  PGI: 
data  clearly  show  that  the  inost  impor- 
tant, in  my  view,  is  that  we  administer 
vasodilator  through  the  airways.  Sec- 
ond, possibly  we  want  to  use  NO  be- 
cause it  decreases  pulmonary  artery 
pressure.  In  fact,  this  was  Wan"en 
Zapol's  first  purpose  when  he  proposed 
that.  There  are  some  very  preliminary 
data  in  animals  showing  that  the  de- 
crease in  pulmonary  artery  pressure  can 
be  due  in  part  to  a  decrease  in  venous 
pulmonary  resistance.  Therefore,  you 
can  expect  a  possible  decrease  in  pul- 
monary edema.  But  we  know  from 
Rouby's  data'  and  Gerlach's-  data  that 
the  dose  to  reduce  PAP  may  be  vei-y  dif- 
ferent from  the  dose  to  improve  Pq:- 
The  third  possibility  may  be  that  we 
want  to  use  NO  just  to  decrease  Fio: 
because  we  are  concerned  about  toxi- 
city. So  it's  not  so  clear  to  me.  A  fourth 
possibility  is  just  to  use  it  as  a  rescue 
therapy,  as  you  mentioned. 


1.  Puybasset  L.  Rouby  JJ,  Mourgeon  E. 
Stewart  TE.  Cluzel  P.  Arthaud  M,  et  al. 
Inhaled  nitric  oxide  in  acute  respiratory 
failure:  dose  response  curves.  Intensive 
Care  Med  m94;20(.S):.319-327. 

2.  Gerlach  H.  Pappert  D.  Lewandowski  K. 
Rossaint  R.  Falke  KJ.  long-term  inhala- 
tion with  evaluated  low  doses  of  nitric 
oxide  for  selective  improvement  of  oxy- 


genation in  patients  with  adult  respiratory 
distress  syndrome.  Intensive  Care  Med 
1993:19:443-449. 


Hess:  You  bring  up  a  good  point,  and 
1  want  to  highlight  it.  The  doses  that  we 
talked  about  here  are  ARDS  doses.  As 
you  point  out.  the  doses  that  are  used  to 
lower  pulmonary  vascular  resistance  and 
mean  pulmonary  ailery  pressure  may 
need  to  be  higher.  So  the  doses  that  are 
used  for  primary  pulmonary  hyperten- 
sion and  the  doses  that  I've  seen  in  some 
of  the  studies  with  PPHN  are  higher 
doses.  But  it's  a  different  mechanism. 

Kacmarek:  Just  to  follow  up  on  that 
comment — in  the  Semigran  paper 
where  we  looked  at  the  effect  of  NO  in 
patients  with  severe  left-heart  failure 
(these  were  all  transplant  candidates), 
and  in  subsequent  data  in  patients  who 
were  lung  transplant  candidates.  NO  at 
80  ppm  was  required  to  get  the  maxi- 
mum response  from  the  pulmonary  vas- 
culature. A  large  dose  of  NO  is  really 
a  significant  quantity  required  in  any 
patient  with  long-term  increased  pul- 
monary resistance.  Further,  just  to  com- 
ment on  what  Laurent  (Brochard)  said, 
the  thing  that  concerns  me  about  NO 
and  its  use  in  ARDS  is  that  none  of  the 
data  have  really  provided  us  with  a 
tracking  of  how  the  patient's  Fjo:  and 
PaO:  change  over  time.  I  believe  more 
and  more  that  we  get  a  response  from 
NO  initially  that  diminishes  over  time. 
You  turn  off  the  NO  and  get  a  rebound, 
but  you  get  a  rebound  even  in  the 
patient  who  showed  no  response  the 
first  day.  In  some  patients  in  whom  we 
start  NO  today,  over  the  next  2-3  days 
we  may  see  the  Fio,  creeping  right  back 
up  to  where  it  was  prior  to  the  start  of 
NO.  So,  I  really  believe  it's  critical  that 
the  outcome  studies  that  are  in  process 
be  completed  before  we  make  any  rec- 
ommendations about  the  clinical  use 
of  NO. 

1.  Semigran  MJ,  Cockrill  BA.  Kacmarek 
RM.  Thompson  BT.  Zapol  WM,  Del  GW, 
Fifer  MA.  Hemodynamic  effects  of 
inhaled  nitric  oxide  in  heart  failure.  J  Am 
Coll  Cardiol  I994:24(4):982-98S. 
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Hess  Discussion 


Hess:  The  way  that  I  think  about  inhaled 
NO  is  it  gives  you  a  window  of  time.  If 
you  can  do  something  w  iili  that  window 
of  time,  it  might  affect  outcome,  but  if 
you  can't.  I  think  you're  exactly  right. 
A  couple  days  later  you're  no  better  off 
than  you  were  before.  Currently  I  don't 
Ihnik  there's  any  evidence  that  NO  has 
any  healing  effect,  per  se.  Maybe  we'll 
find  that  it  does.  Essentially  what  it  does 
is  give  you  a  window  of  time,  so  that 
other  therapies  can  work. 

Masferrer:  I'm  curious  why  you  have  a 
patient  getting  NO  for  more  than  60  days. 

Hess:  That's  a  good  question.  The 
patient  whom  we  had  on  inhaled  NO  for 
6()-some  days  was  actually  on  vei7  low 
doses.  1-2  ppm.  We  tried  on  several 
occasions  to  discontinue  it.  and  the 
patient  had  such  a  severe  rebound  that 
we  had  to  put  it  on  again.  This  was  a 
very  sick  patient,  who  even  after  weeks 
was  still  on  60-659r  oxygen  and.  prob- 
ably 12-15  cm  H:0  of  PEEP,  and  was 
still  pretty  sick.  There  was  a  lot  of  pres- 
sure being  brought  to  bear  on  the  NO 
team  by  the  primary  care  physicians  to 
discontinue  the  NO.  Even  with  turning 
up  the  oxygen  to,  say,  907^ ,  and  trying 
to  shut  the  NO  off,  the  patient  had  a 
rebound  that  made  people  at  the  bed- 
side so  uncomfortable  that  we  started 
the  NO  again. 

Kacmarek:  Just  to  comment  on  the 
extent  ol  the  rebound.  In  the  Bigatello 
study,'  when  we  first  started  doing  this, 
the  protocol  wlls  to  start  NO  and  the  next 
day  bring  patients  back  up  to  9()'/f  oxy- 
gen and  tuni  the  NO  off.  Well.  2  i)f  those 


14  patients  went  into  ventricular  tachy- 
cardia \\  hen  we  did  that.  It  was  a  severe 
rebound,  and  these  were  critically  ill 
patients — some  of  whom  had  serious 
myocardial  problems.  When  we  turned 
off  the  NO.  we  had  very  dramatic 
reboLuids  in  those  patients. 

I.  BiiialL-Ild  l.M.  HurlorJ  WE.  Kucmarck 
RM.  Rotx-ns  .11)  Jr.  Z.i|xil  WM.  Proldnged 
inhalation  of  low  coriL-entrations  of  nitric 
oxide  in  patients  with  severe  adult  res- 
piratory distress  .syndrome:  effects  on  pul- 
monary hemodynamics  and  oxygenation. 
Anesthesiology  iy94:80(4):76l-77(). 

Peruzzi:  Your  slide  showed  that  there 
was  a  deterioration  in  oxygenation  with 
NO  concentrations  greater  than  20  ppm. 
Is  that  a  consistent  tltiding  in  your  expe- 
rience'.' If  so.  to  what  do  you  attribute 
that  finding? 

Hess:  No  I  don't  think  it  is  a  consistent 
finding.  That  was  one  study — a  pretty 
carefully  done  study.  It  ceilaitily  has  not 
been  our  experience  (which  might  mean 
nothing)  that  if  you  go  from  10  to  20. 
that  the  Po,s  drop.  However.  I  think  that 
it  does  cause  one  to  be  careful  about 
using  high  doses  because  there  is  some 
suggestion  in  the  literature  that  going  to 
high  doses  may  actually  defeat  the  effect 
that  you're  trying  to  get. 

Slutsky:  Is  there  any  itidication  that  the 
tnechanistn  by  which  that  occurs  is  a 
puhnonary  edema'.'  Do  they  get  high 
wedge  pressures'.' 

Hess:  I  don't  think  so. 


the  mechanism  of  the  rebound  effect'? 
Do  you  think  it's  dov\n-regulation  of 
endogenous  NO-synthase  and.  thus, 
there  is  less  endogenous  NO  produced'? 
If  so.  that  tnight  provide  a  rationale  for 
weaning  NO  by  decreasing  the  dose  rel- 
atively gradually.  Sure  there  tnight  be 
some  patients  on  500  ppb  (pails/billion) 
who  continue  to  down-regulate  their 
NO-synthase.  and  if  you  go  lower 
slowly  you  might  be  able  to  overcome 
that  problem. 

Hess:  The  reason  tor  the  rebound  is 
not  clear.  There  may  be  a  down-reg- 
ulation of  NO-synthase.  One  thing 
we've  considered  is  phosphodiesterase 
inhibitors,  which,  if  you  think  about 
the  biology  of  NO.  it  tnight  work.  This 
is  an  aspect  about  w  hich  a  k)l  of  inves- 
tigation is  needed. 

Slutsky:  Have  you  tried  weaning  then? 

Hess:  TTiere  was  a  time  that  we  tried  to 
slow  ly  decrease  the  NO  as  opposed  to 
Just  getting  to  some  level  and  shutting 
it  off  We  wotild  end  up  with  these  very 
elaborate  systems,  where  we'd  have  2 
or  3  blenders  in  series  so  we  could  get 
down  to  a  quarter  of  a  pptn  or  a  half 
pptn.  and  our  experience  w  as  that  those 
patients,  when  we  took  them  from  a  half 
ppm  to  none,  rebounded  Just  as  badly 
as  if  we  took  them  Irotii  2  ppm  to  none. 
But  if  you  think  about  it,  even  100  ppb 
of  NO  is  a  lot  of  tnolecules. 

Slutsky:  That's  how  much  \ou  get  from 
vour  nose,  huh' 


•Slutsky :  Do  you  ha\e  atiy  ideas  about         Hess:  Exactly. 
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Pressure-Limited  vs  Volume-Targeted  Ventilation 

Pressure-limited  ventilation  is  a  form  of  ventilation  in  wliicli 
the  target  variable,  pressure,  is  held  constant  during  inspi- 
ration.'"' Forms  of  pressure-limited  ventilation  are  presented 
in  Table  1.  Although  a  discussion  of  pressure  support  ven- 
tilation (PSV)  comprises  part  of  this  paper,  the  main  focus 
is  on  the  different  forms  of  pressure-controlled  ventilation 
(PCV).  For  pressure-limited  modes,  the  cycling  variable  is 
usually  time,  whereas  flow  is  the  cycling  variable  only  for  PSV. 
Pressure-limited  ventilation  can  be  used  as  a  controlled  mode 
of  ventilation,  in  which  the  trigger  variable  is  time  or  patient 
effort.  During  special  situations,  a  prolonged  inspiration  is 
used  with  pressure-limited  ventilation,  and  it  is  called  inverse- 
ratio  ventilation  (IRV).  It  may  al.so  be  used  as  an  assisted  mode. 


Professor  Brochard  is  associated  with  the  Medical  Intensive  Care  Unit. 
INSERM  unit  296.  Henri  Mondor  Hospital,  Assistance  Publiquc- 
Hopitaux  de  Paris.  Paris  XII  University — Paris,  France. 

A  version  of  this  paper  was  presented  by  Professor  Brochard  during  the 
Respiratory  Care  Journal  Conference.  Mechanical  Ventilation: 
Ventilatory  Techniques,  Pharmacology,  and  Patient  Management 
Strategies,  held  October  6-8.  1995.  in  Canciin.  Mexico. 


in  which  the  trigger  function  is  patient  effort,  as  in  assist-PCV 
or  PSV.  Also,  spontaneous  breathing  can  be  superimposed 
on  a  pressure-controlled  seUing  in  which  trigger  and  cycling 
viuiables  are  time.  The  provision  for  the  patient  to  breathe  spon- 
taneously during  the  whole  mechanical  breath  makes  this  mode 
(airway  pressure-release  ventilation.  APRV,  or  biphasic  pos- 
itive airway  pressure  ventilation)  unique. "*'"' 

The  principal  difference  between  PCV  and  volume-con- 
trolled ventilation  ( VCV)  is  the  absence  of  a  preset  tidal  vol- 
ume ( Vj)  with  PCV.  The  volume  delivered  to  the  patient  is 
a  function  of  driving  pressure  and  respiratoiy  system  mechiui- 
ics.  In  case  of  passive  intlation.  the  driving  pressure  (the  dif- 
ference between  end-inspiratory  and  end-expiratory  alveo- 
lar pressure)  is  a  function  of  the  inspiratory  and  expiratory 
pressures  set  on  the  ventilator,  and  of  ( I )  the  inspiratory  time 
and  the  resistance  to  flow,  for  the  inspiratory  pressure,  and 
(2)  the  relationship  between  the  expiratory  tiirie  and  the  time 
constant  of  the  respiratoi^  system,  for  the  expiratoi^  pressure. 
This  last  relationship  is  especially  important  when  pressure 
controlled  IRV  (PC-IRV)  is  used.  Indeed,  the  prolongation 
of  inspiration  necessitates  a  shortening  of  the  expiratory  time 
to  the  extent  that  it  may  not  be  sufficient  to  allow  complete 
exhalation.  In  a  monocompartmental  system  incorporating  a 
single  resistance  (R)  and  a  single  compliance  (C),  the  passive 
deflation  observed  during  expiration  follows  a  monoexponential 
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Table  1.      Variations  on  Pressure-Limited  Ventilation  in  Clinical  Use 


Name 


Trigger 
Variable 


Limit 
Variable 


Cycling 
Variable 


Special  Features 


Pressure-controlled  ventilation  (PCV) 

Time 

Presstire 

Time 

PC-in\ersc-ralio  ventilation  (P("-IKV) 

Time 

Pressure 

Time 

Assist-PCV 

Patient  elTort 
or  time 

Pressure 

Time 

Airway  pressure-release  ventilation 

Time 

Pressure 

Time 

(APRV) 

Intermittent  mandatory  pressure-release 
ventilation  (IM-PRV) 

Pressure  support  ventilation  (PSVl 


Patient  effort 


Patient  effort 


Pressure 


Pressure 


Time 
or  llou 

Flow 


Inspiration  is  prolonged,  with  1:E>  1. 
A  back-up  respiratory  rate  is  set. 

Spontaneous  breathing  is  superim- 
posed during  the  whole  breathing 
cycle;  the  I:E  is  generally  >  I . 

The  number  of  breaths  at  high 
pressure  and  low  pressure  are  set. 

The  pressure  rise-time  can  be 
adjustable. 


cuiVL',  w  here  the  litne  CDiislant  is  the  product  R  x  C.  It  can 
be  predicted  that  3  time  constants  are  necessary  for  the  exha- 
lation o\'95'7c  of  the  inspired  V|.  Therefore,  shortening  expi- 
ratory time  necessiuily  generates  dynamic  hyperintlation  with, 
as  a  consequence,  the  presence  of  a  positive  alveolar  pressure 
at  end  expiration,  also  called  intiinsic  PEEP  (positive  end-expi- 
ratory pressure),  or  aiito-PEEP."" '  Tlierefore  duritig  PC-IRV. 
manipulation  of  the  ventilator  settings  may  have  complex 
effects.  These  effects  ha\  e  been  predicted  by  mathetnatical 
models.'-"  For  example,  increasing  respiratory  rate  first  in- 
creases and  then  decreases  tiiitiiite  ventilation  because  the  rise 
in  ;ittto-PEEP  induced  by  shortening  of  the  expiratory  time 
reduces  the  driv  ing  pressure.  Also,  changes  in  oxygenation 
induced  by  PC-IRV  mtist  be  interpreted  cautiously  by  taking 
into  account  changes  in  etul-expiratory  lung  volutne. 


Settings  for  Pressure-Limited  Ventilation 


PCV 


The  set  variables  are  inspiratory  and  expiratory  pressure 
and  both  inspirati>ry  anil  expiratory  lime  or  inspiratory  titiie. 
breathing  frequency,  ami  ratio  t)f  inspiratory-to-expiralory 
ttme  (l:E). 

Assist-PCV 


whole  breathing  cycle.  The  usual  settings  include  the  two  lev- 
els of  pressure  and  inspiratory  and  expiratory  times.  The  inspi- 
ratory time,  which  is  the  time  during  which  the  higher  pres- 
sure is  held  constant,  is  general l\  set  much  longer  than  the 
expiratory  titiie.  which  is  used  as  a  hriel  lelease  of  pressure 
to  increase  ventilation. 

PSV 

The  set  variables  during  PSV  are  trigger  sensitiv  ity  and 
inspiratory  pressure  above  PEEP.  On  some  ventilators  the  pres- 
sure-rise time  is  also  adjustable. 

Combinations 

These  modes  can  all  be  used  as  lorms  ol  sn  tichroni/ed  inter- 
mittent mandalorv  ventilation  (SIMV).  with  interposition  of 
spontaneous  breaths  bet\\'een  pressure-limited  breaths.  Also, 
pressure  support  can  be  used  to  assist  the  spontaneous  breaths 
between  volume-controlled  or  pressure-controlleil  mandatory 
breaths,  during  SIMV. 

Lastly.  .'XPRV  has  been  modified  in  such  a  way  that  pres- 
sure release  is  synchronized  w  ith  the  patient's  expiration, 
and  pressure  support  can  be  added  during  inspiratory  efforts. 
This  mode  has  been  called  intermittent  mandatory  pressure- 
release  ventilation.'"''-"' 


An  adjustable  trigger  sensitiv  ity  needs  to  be  set  in  addi- 
Uon  to  the  ins|iiiatur\  and  expiratory  pressure.  .\  low  breath- 
ing frequency  may  be  set  as  a  back-up  frequency. 

APRV 

During  APRV.  the  same  settings  are  used  as  for  PCV.  but 
the  patient  is  allowed  Ui  breathe  continuotisls  through  the 


Goals  for  Pressure-Limited  Ventilation 

Control  of  Peak  .Areolar  Pressure 

A  great  concern  now  exists  about  the  risk  of  inducing  or 
worsening  alveolar  lesions  by  the  use  of  high  distending  pres- 
sures. Indeed,  several  groups  have  show n  impressive  results 
in  animal  studies  demonstrating  that  ventilation  w  ith  higii  pres- 
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sure  and  high  \oliiine  induces  pemieahilitx  puhiionan-  edema 
in  animals  with  pie\  iously  mtact  lungs'" '"  or  maikedh  wors- 
ens alveolar  lesions  in  previously  injured  animals.'*"'' 

Although  the  absolute  le\el  of  lung  \olume  or  transalve- 
olar  pressure  would  be  a  more  rele\ant  index  of  alveolar  dis- 
tention, airway  pressure  and  especially  plateau  pressure  can 
be  used  easily  at  the  bedside  to  estimate  the  risk  of  aheolar 
lesions.  One  recommendation  from  a  recent  consensus  con- 
ference on  mechanical  \entilation  was  to  limit  this  pressure 
to  35  cm  HiO.-"  One  easy  way  to  limit  the  pressure  is  to  use 
a  pressure-limited  mode  of  ventilation. 

Reduction  in  Barotrauma 

It  has  been  claimed  repeatedly  that  the  risk  of  barotrauma 
may  be  reduced  using  PCV  because  the  peak  airway  pres- 
sure is  generally  reduced  in  comparison  to  VCV.  This  can 
be  a  source  of  great  confusion  because  the  peak  airway  pres- 
sure depends  on  resisti\e  forces,  the  intensity  of  which  are 
heavily  influenced  by  the  flow  of  the  inflating  gas.  The  flow 
at  end  inspiration  is  much  lower  in  PCV  than  in  VCV.  induc- 
ing a  reduction  in  peak  airway  pressure  but  not.  necessarily, 
in  peak  alveolar  pressure.  Therefore,  the  potential  for  baro- 
trauma, if  any.  cannot  be  reduced  simply  by  reducing  the  peak 
airway  pressure. 

Impro\ed  Gas  Mixing,  Oxygenation, 
&  Aiveolar  Recruitment 

With  PCV.  because  the  flow  is  decelerating,  a  different 
distribution  of  \entilation  may  be  expected,  compared  to  con- 
stant-flow ventilation.  This  was  suggested  in  COPD  patients 
by  Connors  and  co-workers.-'  The  clinical  relevance  of  this 
phenomenon,  however,  is  probably  small  in  many  patients. 
Valentine  and  co-workers--  found  little  difference  among 
patients  in  the  distribution  of  ventilation  when  the  effects  of 
SIMV.  pressure  support,  and  APRV  were  compared.  Pro- 
longing inspiration,  as  in  PC-IRV.  is  a  supplemental  factor 
that  may  improve  gas  mixing.  Some  animal  studies  and  a  few 
human  studies  performed  in  the  1960s  and  later  have  sug- 
gested that  PC-IRV  can  decrease  the  ratio  of  dead  space  to 
Vt  (  VdA^t)  and  the  level  of  Paco;-  compared  to  VCV.-'-' 
Although  this  effect  certainly  exists,  its  magnitude  is  diffi- 
cult to  determine  because  of  a  number  of  drawbacks  in  these 
studies:  ( 1 )  some  studies  were  performed  in  dogs,  which  have 
a  high  degree  of  collateral  ventilation:  (2)  the  Vj  was  not 
alw ays  kept  constant  and  therefore,  possibly,  the  level  of  ahe- 
olar  overdistention  varied:  (3)  these  effects  were  more  pro- 
nounced in  animals  with  no  or  only  moderate  injury;-'  (4) 
the  range  of  ventilator  frequencies  used  in  some  studies  was 
much  lower  than  those  currently  used. 

Many  saidies  found  that  impro\ement  of  oxygenation  could 
be  observed  with  PC-IRV.-"  "  Subsequent  well-controlled 
studies  have  suggested,  however,  that  this  effect  essentially 


resulted  from  a  rise  in  end-expiratoiy  lung  \olume  due  to  intrin- 
sic PEEP  and  to  a  deterioration  of  cardiac  function  when  high 
mean  airway  pressures  were  applied.'- ■'■'  Shon-term  studies 
keeping  PEEP'"''  or  mean  airw  ay  pressure'^  constant  found 
no  significant  effect  on  oxygenatit)n  in  ARDS  or  in  animal 
models.  One  study,'-  however,  found  that  modest  manipu- 
lation of  the  1:E  could  improve  oxygenation  without  wors- 
ening hemodynamics  or  changing  end-expiratory  lung  vol- 
ume: another  claimed  that  the  potential  benefit  of  PC-IRV 
is  time-dependent  aheolar  recruitment.-''  It  has  been  demon- 
strated that  the  effect  of  PEEP  may  be  gradual  and  lime  is 
needed  to  'of)en  the  lung."  The  same  could  exist  with  PC-IRV. 
which  has  been  suggested  in  one  study.''  This  is.  however, 
difflcult  to  demonstrate  and.  up  to  now,  no  convincing  data 
have  demonstrated  this  phenomenon  in  patients. 

Improved  Tolerance  &  Synchrony 

Improving  patient  tolerance  and/or  patient-ventilator  syn- 
chrony is  an  important  objective  proposed  for  se\  eral  forms 
of  pressure-limited  ventilation. 

APRV  w  as  initially  proposed  both  as  a  controlled  mode 
of  ventilation  and  as  an  assisted  mode,  with  the  aim  to  improve 
tolerance  for  the  high  rise  in  mean  airway  pressure  associ- 
ated with  continuous  positive  airway  pressure  (CPAP). 
ImproN  enient  in  cardio\  ascular  function  compared  to  CPAP 
or  controlled  ventilation  was  demonstrated  in  animals,"'  but 
few  data  supporting  subjective  tolerance  have  been  obtained 
in  patients. 

The  same  mode  was  also  proposed  as  a  means  to  reduce 
the  amount  of  sedation  given  to  patients.''  In  an  elegant  long- 
tenn  crosso\  er  study  by  Sydow  and  co-workers."  an  improve- 
ment in  oxygenation  was  observed  with  APRV,  compared  to 
PC-IRV.  This  change  in  oxygenation  presumably  was  due  to 
an  increase  in  alveolar  recruitment.  Howexer.  the  authors 
claimed  that  the  amount  of  sedation  was  much  less  during 
APRV.  and  this  aspect  could,  of  itself,  explain  changes  in  oxy- 
genation. It  is.  therefore,  difficult  to  determine  what  caused 
the  improvement  in  oxygenation  in  this  study. 

PSV  is  probably  the  form  of  ventilation  in  which  patient 
tolerance  has  been  studied  the  most  extensively,  and  the  abil- 
ity of  PSV  to  reduce  patient  effort  has  been  described  in  a 
number  of  studies."'""  Assist-PCV  is  interesting  to  com- 
pare to  assist/control  because  both  \j  and  inspiratory  time 
can  be  kept  constant  and  similar  in  the  two  modes.  In  patients 
in  the  process  of  weaning  from  mechanical  ventilation,  we 
compared  patient  effort  or  work  of  breathing  during  assist- 
PCV  and  assist/control  ventilation  with  the  same  Vt  and  same 
inspiratory  time.*'  Three  situations  were  studied:  ( 1 )  In  the 
first,  Vt  was  set  high,  to  12  niL/kg.  In  this  situation,  the  drive 
of  the  patients  was  low.  and  no  difference  was  present  in  the 
flow  wavefomi.  (2)  In  the  second.  Vt  was  reduced  to  8  mUkg. 
In  this  situation  a  substantially  higher  level  of  patient  effort 
was  expended  during  assist/control  compared  to  assist-PCV. 
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(3)  In  a  third  situation,  we  reduced  the  inspiratory  time  in  both 
modes  (from  1  s  to  0.6  s),  thereby  iiKukediy  increasing  peak 
flow  without  modifying  Vj.  The  difference  in  work  of  breath- 
ing then  disappeared.  These  data,  confirming  previous  work 
on  the  importance  of  the  peak  flow  setting  during  assist/con- 
trol,"'''- suggest  that  the  peak  flow  at  the  beginning  of  inspi- 
ration is  probably  a  major  determinant  of  patient  effort. 
Because  pressure-targeted  modes  always  offer  a  decelerat- 
ing flow  wavefomi,  they  advantageously  compare  with  other 
modes  in  manv  situations. 


Results  of  Clinical  Studies 


PC-IRV 


Several  clinical  studies-''  ^'  have  claimed  that  PC-IRV  has 
the  ability  to  improve  oxygenation  and  decrease  peak  airway 
pressure  in  patients  with  ARDS,  confirming  previous  animal 
studies.  Most  of  these  studies,  however,  did  not  control  for  end- 
expiratory  lung  volume  or  intrinsic  PEEP,  did  not  keep  breath- 
ing pattern  constant,  and  did  not  estimate  plateau  pressure. 

The  study  of  Cole  and  co-workers'-^  looked  at  the  effects 
of  prolonging  inspiration  with  an  end-inspiratory  pause. 
assessing  lung  volume  by  the  means  of  respiratory  induc- 
tive plethysmography.  They  found  that  an  I:E  of  4  to  I 
increased  PaO:  but  severely  depressed  cardiac  function  and 
oxygen  transport.  These  effects  were  comparable  to  the  appli- 
cation of  external  PEEP  giving  the  same  end-expiratory  lung 
volume.  They  also  found  that  only  mildly  manipulating  the 
I:E  up  to  1.1:1  or  1 .7: 1  induced  a  significant  improvement 
in  P.|0:  without  substantial  change  in  lung  volume. 

In  two  comparable  well-controlled  studies  performed  in 
ARDS  patients,  Mercat  and  co-workers''*  and  our  group 
(Lessard  and  co-workers)"  found  no  benefit  of  PCV  or  PC- 
IRV  over  VC  when  total  PEEP  and  Vp  were  kept  constant 
throughout  the  study.  Changes  in  Vp/Vj  and  in  PaCO:  were 
small  and  not  significant,  but  a  significant  worsening  in  oxy- 
gcnalit)n  was  observed.  These  results  have  been  confirmed 
by  Mancebo  et  al.'"  The  two  limitations  ofthe.se  studies  are 
their  short-term  nature  and  the  fact  that  mean  airway  pres- 
sure was  not  kept  constant. 

In  a  recent  animal  sttid>  by  Mang  and  co-workers.'^  the 
same  comparison  w  as  performed  at  the  same  level  of  mean 
airway  pressiue.  In  their  sheep  model  o\'  lung  injury,  alter- 
ations ill  the  \entilation  mode  or  the  l;E  produced  no  sig- 
nificant change  in  hemotK  iiamic.  oxygenation,  or  \entila- 
tory  variables. 

APRV 

Only  a  few  studies  in  patients  ha\  e  assessed  the  efficacy 
of  these  modes  of  ventilation  in  a  controlled  manner.  Inter- 
esting results  have  been  obtained  ui  animal  studies  suggest- 
ing that  hemodynamics  or  oxygenation  could  be  improved 


by  comparison  to  more  classic  modes  in  different  models  of 
lung  injury.'"  In  the  study  by  Sydow  et  al,''  an  improvement 
in  oxygenation  was  observed  but  the  mechanism  remains  dif- 
ficult to  pinpoint.  Indeed,  this  could  result  from  ( 1 )  progressive 
alveolar  recruitiuent  over  time:  (2)  the  beneficial  effect  of  spon- 
taneous diaphragmatic  activity  over  the  whole  breathing  cy- 
cle; or  (3)  an  effect  related  to  the  reduction  in  sedative  drugs. 
Further  studies  are  needed  to  elucidate  the  mechanism. 

In  a  well-performed  study  in  patients,  APRV  was  compared 
to  PS  V  at  the  same  level  of  mean  airway  pressure.'"  TTie  work 
of  breathing  and  the  amount  of  patient  effort  was  compared 
between  the  two  modes.  A  higher  level  of  effort  was  always 
expended  with  APRV  compared  to  PSV  suggesting  that,  again, 
further  studies  are  needed  to  establish  the  type  of  patient  that 
may  benefit  from  APRV. 

In  Conclusion 

Pressure-limited  modes  have  a  limited  number  of  proven 
benefits  and  a  larger  number  of  suggested  but  unproved  ben- 
efits. The  proven  benefits  and  the  logical  rationale  for  their 
use  are  based  on  the  limitation  of  peak  alveolar  pressure  and 
on  the  good  patient-ventilator  synchrony  offered  by  the  decel- 
erating How  of  the  assist-pressure  forms  of  ventilation. 

Suggested  but  unproved  benefits  include  improvement 
in  gas  mixing  and  distribution  of  ventilation  with  inverse- 
ratio  ventilation,  at  least  on  a  clinically  relevant  scale.  One 
study  does  suggest  an  impro\ement  in  oxygenation  with  only 
a  slight  prolongation  of  inspiration.'-  and  the  data  from 
another'^  suggest  a  lessened  need  for  sedation  with  super- 
imposition  of  spontaneous  breathing  on  bi-level  pressure  ven- 
tilation." Today,  there  are  only  a  few  clear  indications  for 
this  mode  as  a  controlled  form  of  ventilation,  for  ventilat- 
ing the  lungs  of  patients  with  ARDS.'*^ 


REFERENCES 

1 .  Chalbum  RL.  A  new  system  for  understanding  mechanical  ventilators. 
RespirCare  1991;.16(10):1 123-1 155. 

2.  Branson  RD.  Chalbum  RL.  Technical  description  and  classification 
of  imxles  of  ventilator  operation.  RespirCaie  1992;.37(9):1026-1(M4. 

?.  Chalbum  RL.  Classification  of  mechanical  ventilators.  In:  Respiratorv 
care  equipment.  Branson  R.  Hess  D.  Chalbum  R.  editors.  Philadel- 
phia; JB  Lippincolt  Company.  1995;264-29.'l. 

4.  Downs  JB.  Stock  MC.  Airway  pressure  release  ventilation;  a  new 
concept  in  ventilatory  support  (editorial ).  CrilCare  Med  1987;  15(5); 
4.59-461. 

5.  Slock  MC.  Downs  JB.  Airway  pressure  release  ventilation;  a  new 
approach  to  ventilatory  support  during  acute  lung  injury  paper.  Respir 
Care  1987;.'!2(7);517-524. 

6.  Stock  MC,  Downs  JB.  Frolicher  D.A.  Ainvay  pressure  release  ven- 
tilation. Crit  Care  Med  1987;15(5);462-46(i. 

7.  Gamer  W.  Downs  JB.  Slock  MC.  Rasanen  J.  Airway  pressure  release 
ventilation  (APRV).  A  human  trial.  Chest  1988;94(41;779-781. 

8.  Cane  RD.  Peaizzi  WT.  Shapiro  BA.  .Airway  pressure  relea.se  venti- 
lation in  severe  acute  respiratory  failure.  Chest  1991;100(2):460-463. 


450 


RESPIRATORY  CARE  •  MAY  "96  VOL  41  NO  5 


Pressure-Limited  Ventilation 


9.  Sydow  M.  Burchardi  H,  Ephraini  E.  Zielmann  S.  Crozier  TA.  Long- 
term  effects  of  two  different  ventilatory  modes  on  oxygenation  in 
acute  lung  injury.  Comparison  of  airway  pressure  release  \entilation 
and  volume-controlled  inverse-ratio  ventilation.  Am  J  RespirCrit 
Care  Med  I  W4;14y(6l:l550-1556. 

10.  Pepe  PE.  Marini  JJ.  Occult  positi\e  end-expiratory  pressure  in  mechan- 
ically ventilated  patients  u  ith  airflow  obstruction:  the  auto-PEEP  effect. 
Am  Rev  Respir  Dis  1 9S2;  1 :6(  1 ):  1 66- 1 70. 

1 1 .  Marcy  TW.  Marini  JJ.  Inverse-ratio  ventilation  in  ARDS.  Rationale 
and  implementation.  Chest  l99LI00(2):494-504. 

12.  Marini  JJ.  Crooke  PS  III.  Truwit  JD.  Determinants  and  limits  of  pre.s- 
sure-preset  ventilation:  a  mathematical  model  of  pressure  control. 
J  Appl  Physiol  I989:67(3):I0SI-I092. 

13.  Burke  WC.  Crooke  III  PS.  Marcy  TW,  Adams  AB.  Manni  JJ.  Com- 
parison of  mathematical  and  mechanical  nnxlels  of  pressure-controlled 
ventilation.  J  Appl  Physiol  1993:74(21:922-933. 

14.  Rouby  JJ.  Ben-Ameur  M.  Jawish  D.  Cherif  A.  .Andreev  A.  Dreux 
S,  Viais  P.  Continuous  positive  airway  pressure  (CP.AP)  \  s  intemiittent 
inandatory  pressure  release  ventilation  (IMPRV )  in  patients  witli  acute 
respiratory  failure.  Intensive  Care  Med  l992;18(2):69-75. 

1 5.  Ra.sanen  J.  IMPRV — synchronized  APRV.  or  more'^  (editorial ).  Inten- 
sive Care  Med  l992;l8(2):6.'^-66. 

16.  Dreyfuss  D.  Soler  P.  Basset  G.  Saumon  G.  High  intJation  pressure 
pulmonary  edema.  Respective  effects  of  high  airway  pressure,  high 
tidal  volume  and  positive  end-expiratory  pressure.  Am  Rev  Respir 
Dis  I988:137(.«i):ll,'i9-ll64. 

1 7.  Kolobow  T.  Moretti  MP.  Fumagalli  R,  Mascher<ini  D.  Prato  P.  Chen 
V.  Joris  M.  Severe  impaimient  in  lung  function  induced  by  high  peak 
airway  pressure  during  mechanical  ventilation.  An  e.xperimental  study. 
Am  Rev  Respir  Dis  1987:135(21:312-315. 

1 8.  Dreyfuss  D.  Soler  P.  Saumon  G.  Mechanical  ventilation-induced  pul- 
monary edema.  Interaction  w  ith  pre\  ious  lung  alterations.  Am  J  Respir 
CritCare  Med  1995:I5I(5):1568-1575. 

1 9.  Hernandez  LA.  Coker  PJ.  May  S.  Thompson  AL.  Parker  JC.  Mechan- 
ical ventilation  increases  microvascular  permeability  in  oleic  acid- 
injured  lungs.  J  Appl  Physiol  1990;69(6):2()57-2()6I. 

20.  Slutsky  AS.  Consensus  conference  on  mechanical  ventilation — Jan- 
uary 28-30,  1993  at  Northbrook,  Illinois,  USA.  European  Society 
of  Intensive  Care  Medicine,  the  ACCP  and  the  SCCM.  Part  1 .  Inten- 
sive Care  Med  1 994:20(  1  );64-79.  See  the  published  erratum  m  Inten- 
sive Care  Med  IW4:2(X5):.US.  Part  2.  Intensive  Care  Med  1994:20(2): 
150-162. 

21 .  Connors  AF  Jr,  McCaffree  DR.  Gray  BA.  Effect  of  inspiratory  flow 
rate  on  gas  exchange  during  mechanical  ventilation.  Am  Rev  Respir 
Dis  198I:I24(5):537-.M3. 

22.  Valentine  DD.  Hammond  MD.  Downs  JB.  .Sears  NJ.  Sims  WR.  Dis- 
tribution of  ventilation  and  perfusion  with  different  modes  of  mechan- 
ical ventilation.  Am  Rev  Respir  Dis  I991;143(6):1262-1266. 

23.  Perez-Chada  RD,  Gardaz  JP.  Madgwick  RG.  Sykes  MK.  Cardio- 
respiratory effects  of  an  inspiratory  hold  and  continuous  posi- 
tive pressure  ventilation  in  goats.  Intensive  Care  Med  1983:9(5): 
263-269. 

24.  Sykes  MK,  Lumley  J.  The  effect  of  varying  inspiratory:expiratory 
ratios  on  gas  exchange  during  anaesthesia  for  open-heart  surgery. 
Br  J  Anaesth  1969:4 1  ( 5  ):374-380. 

25.  Fuleihan  S.  Wilson  R.  Pontoppidan  H.  Effect  of  mechanical  venti- 
lation with  end-inspiratory  pause  on  blood-gas  exchange.  Anesth  Analg 
1 976:55(1):  122- 1. 30. 

26.  Lachniann  B.  Haendly  B.  Schultz  H.  Jonson  B.  Improved  oxygenation. 
COi  elimination,  compliance  and  decreased  barotrauma  following 
changes  of  volume-generated  PEEP  ventilation  with  inspiratory /expi- 
ratory (I/E)  ratio  of  1 :2  to  pressure-generated  ventilation  with  1/E  ratio 
of  4:1  in  patients  with  severe  adult  respiratory  distress  syndrome 
(ARDS)  Intensive  Care  Med  1980:6:64. 

27.  Abraham  E.  Yoshihara  G.  Cardiorespiratory  effects  of  pressure  con- 


trolled inverse-ratio  ventilation  in  severe  respiratory  failure.  Chest 
1 989:96(6):  1.356- 13.59. 

28.  Tharrati  RS.  Allen  RP,  Albertson  TE.  Pressure  controlled  inverse- 
ratio  ventilation  in  severe  adult  respiratory  failure.  Chest  1988:94(4): 
755-762. 

29.  Chan  K.  Abraham  E.  Effects  of  inverse-ratio  ventilation  on  car- 
diorespiratory parameters  in  severe  respiratory  failure.  Chest 
I992:I()2(5):I556-1561. 

30.  Gurevitch  MJ.  Van  Dyke  J.  Young  ES.  Jackson  K.  Improved  oxy- 
genation and  lower  peak  airway  pressure  in  severe  adult  respiratory 
distress  syndrome.  Treatment  with  inverse-ratio  ventilation.  Chest 
1986;89(2):2I  1-213. 

3 1 .  Sjostrand  UH.  Lichtwarck-Aschoff  M.  Nielsen  JB.  Markstiom  A. 
Larsson  A.  Svensson  B.'\.  et  al.  Different  ventilatory  approaches  to 
keep  the  lung  open.  Intensive  Care  Med  1995;21(4):310-3I8. 

32.  Cole  .AG.  Weller  SF.  Sykes  MK.  Inverse-ratio  ventilation  compared 
with  PEEP  in  adult  respiratory  failure.  Intensive  Care  Med  1984; 
IO(5):227-232. 

33.  Lessard  MR.  Guerot  E.  Lorino  H.  Lemaire  F.  Brochard  L.  Effects 
of  pressure-controlled  with  different  I:E  ratios  versus  volume-con- 
ffolled  ventilation  on  respiratory  mechanics,  gas  exchange,  and  hemo- 
dynamics in  patients  with  adult  respiratory  distress  syndrome.  Anes- 
thesiology 1 994:80(5  ):983-99 1 . 

34.  Mercat  .A.  Graini  L.  Teboul  JL.  Lenique  F.  Richard  C.  Cardiores- 
piratory effects  of  pressure  controlled  ventilation  with  and  without 
inverse-ratio  in  the  adult  respiratory  distress  syndrome.  Chest  1993; 
I()4(3):87l-875. 

35.  Mang  H.  Kacmarek  RM.  Ritz  R.  Wilson  RS.  Kimball  WP.  Car- 
diorespiratory effects  of  volume-  and  pressure-controlled  ventilation 
at  various  I/E  ratios  in  an  acute  lung  injury  model.  Am  J  Respir  Crit 
Med  1995:151(3.  Part  l):731-736. 

36.  Rasiinen  J.  Downs  JB.  Stock  MC.  Cardiovascular  effects  of  con- 
ventional positive  pressure  ventilation  and  airway  pressure  relea.se 
ventilation.  Chest  1988:93(5):9I  1-915. 

37.  Brochard  L,  Pluskwa  F,  Lemaire  F.  Improved  efficacy  of  spontaneous 
breathing  with  inspiratory  pressure  support.  Am  Rev  Respir  Dis 
1987:136(2):4I  1-415. 

38.  Brochard  L.  Hiuf  A.  Lorino  H.  Lemaire  F.  Inspiratory  pressure  sup- 
port prevents  diaphragmatic  fatigue  during  weaning  from  mechan- 
ical ventilation.  Am  Rev  Respir  Dis  1989;  139(2):5 13-52 1. 

39.  Annat  GJ.  Viale  JP.  Dereymez  CP.  Bouftiird  YM.  Delafosse  BX.  Mot- 
tin  JP.  Oxygen  cost  of  breathing  and  diaphragmatic  pressure-time 
index.  Measurements  in  patients  with  COPD  during  weaning  with 
pressure  support  ventilation.  Chest  199():98(2):41 1-414. 

40.  Cinnella  G.  Conti  G.  Lofaso  F.  Lorino  H,  Harf  A,  Lj;maire  F,  Brochard 
L.  Effects  of  assisted  ventilation  on  the  w  ork  of  breathing:  volume- 
controlled  versus  pressure-controlled  ventilation.  Am  J  Respir  Crit 
Care  Med  1996  (In  press). 

41.  Marini  JJ.  Rodriguez  RM.  Lamb  V.  The  inspiratory  workload  of 
patient-initiated  mechanical  ventilation.  Am  Rev  Respir  Dis  I986:LM 
(5):902-9()9. 

42.  Ward  ME.  Corbeil  C.  Gibbons  W.  Newman  S.  Macklem  PT.  Opti- 
mization of  respiratory  muscle  relaxation  during  mechanical  ven- 
tilation. Anesthesiology  I988:69(  1 1:29-35. 

43.  Mancebo  J.  Vallverdu  1.  Bak  E.  Dominguez  G.  Subirana  M.  Ben- 
ito S.  Net  A.  Volume-controlled  ventilation  and  pressure-controlled 
inverse-ratio  ventilation:  a  comparison  of  their  effects  in  .^RDS  patients. 
Monaldi  Arch  Chest  Dis  1994;49(3):201-207. 

44.  Calzia  E.  Lindner  KH.  Witt  S.  Schiniier  U,  Lange  H.  Slenz  R.  Georgi- 
eff  M.  Pressure-time  product  and  work  of  breathing  during  bipha- 
sic  continuous  positive  airway  pressure  and  assisted  spontaneous  breatli- 
ing.  Am  J  Respir  Crit  Care  Med  1994:150(41:904-910. 

45.  Shanholt/  C.  Brower  R.  Should  inverse-ratio  ventilation  be  used  in 
adult  respiratory  distress  syndrome?  Am  J  Respir  Crit  Care  Med 
1994;  1 49(5):  1354- 1 358. 


RESPIRATORY  CARE  •  MAY  "96  VOL  41  NO  5 


451 


Brochard  Discussion 


Brochard  Discussion 

Kacmarek:  Laurent,  I  agree  with  you 
100%  about  the  issue  of  peak  inspira- 
tory tlowrate  at  the  onset  of  the  inspi- 
ratory phase.  What  would  be  interest- 
ing, and  I  don't  know  of  anybody  who's 
done  it.  is  to  compare  volume-assisted 
ventilation  with  a  decelerating  flow  pat- 
tern (where  you  have  a  lii,i;li  peak  inspi- 
ratory flow  and  a  reasonable  inspiratory 
time)  to  a  pressure-targeted  mode,  either 
pressure  control  or  pressure  support. 
What  is  your  speculation  on  whether 
there  would  be  significant  differences 
if  you  chose  a  decelerating  flow  pattern? 
I've  always  felt  that  it's  the  tlow  pattern 
more  than  the  mode  that  makes  the  dif- 
ference in  patients'  tolerance  and  over- 
all work  of  breathing. 

Brochard:  Well.  I'm  sure  that  you  are 
right,  li  may  be  veiy,  veiy  close — the  two 
situations — and  at  lea.st  it  may  be  very  dif- 
ficult to  find  a  difference.  I  don't  know 
whether  there  would  he  any  difference. 
Probably  if  such  a  study  was  done,  we 
would  have  to  look  for  other  aspects.  One 
aspect  is  what  has  been  called  synchrony 
between  the  patient  and  the  ventilator — 
timing  between  the  patient's  own  inspi- 
raloiy  time  and  the  time  of  the  ventilator. 
Another  important  aspect,  which  was  not 
studied,  is  that  an  inspiratorv'  lime  that  is 
too  long  or  the  presence  ol  different  cri- 
teria for  cycling  from  inspiration  to  expi- 
ration may  induce  expiratory  effort.  TTiis 
uould  also  need  to  be  studied,  I  suppose. 

Hess:  1  suspect  there  are  two  issues.  One 
is  the  tlow  waveform — constant  flow 
versus  decelerating  (low.  1  think  the 
other  issue  might  be  w  helher  the  tlow 
is  fixed  or  viuiable.  and  I  think  that  one 
of  the  things  that  you  encounter  with  a 
pressure  mode  of  ventilation  is  that  the 
inspiratory  tlow  can  vary  according  to 
the  patient's  demand:  whereas  with  vol- 
ume ventilation,  flowratc  is  going  to  be 
fixed — whether  it's  a  constiuit  or  a  decel- 
erating flow. 

Brochard:  1  guess  that  you  me  right,  bul 
probably  when  we  say  that  the  patient 


can  adapt  himself  to  his  own  inspiratory 
flow,  this  is  partially  true.  For  instance. 
when  you  impose  a  pressure  on  a  patient, 
you  impose  a  certain  flowrate  and  a  cer- 
tain tidal  volume.  The  respiratory  rate 
of  the  patient  reflects  this,  and  the  eftect 
of  a  given  pressure  level.  I  think,  is  prob- 
ably due  essentially  to  the  imposed  tidal 
volume  more  than  to  the  relief  of  the 
load  on  the  muscles.  So,  it's  partially  true 
that  we  let  the  patient  have  his  own 
inspiratory  flowrate.  Probably  the  only 
mode  that  will  do  that  is  proportional 
assist  ventilation,  which  has  other  prob- 
lems and  also  needs  studies. 

Slutsky:  A  small  question  related  to 
inverse  ratio  ventilation  and  the  study 
by  Cole.'  You  suggested  that  it  should 
be  repeated,  measuring  auto-PEEP 
because  in  that  one  group  there  was  an 
improvement.  Why  do  you  think  that's 
important  physiologically?  If  you  have 
the  same  end-expiratory  thoracic  vol- 
ume, is  it  really  important  whether  there 
was  difference  in  auti)-PEEP?  Why  do 
you  think  that's  important  to  reproduce? 

1 .  Cole  AG,  Weller  SF.  Sykes  MK.  Inverse 
ratio  ventilation  compared  with  PEEP  in 
adult  respiratory  lailure.  Intensive  Care 
Med  l984;HI(.s|:227-2.'?2. 

Brochard:  In  fact,  in  our  study,  and  we 
iic\  er  ptiblished  those  data,  in  our  study 
looking  at  pressure  control  inver.se-ratio 
ventilation,  in  some  patients  we  also 
looked  at  an  end-expiratory  lung  volume 
with  the  Respitrace.  which  is  very  sim- 
ple in  paralyzed  patients  because  you 
need  only  one  band,  so  it  gives  very  nice 
signals,  very  easy  to  reproduce.  We 
found  a  major  difference  in  the  infor- 
mation given  by  the  Respitrace  and  the 
inlonnation  gi\en  by  auto-PEEP.  For  tlic 
same  level  of  auto-PEEP.  there  was  a 
reduction  in  the  lung  volume  measured 
b\  the  Respitrace.  .So  we  said  "Which 
one  is  right?  Is  it  auto-PEEP  or  is  it  the 
Respitrace?"  Then  we  simply  discon- 
nected the  patient  and  looked  at  passive 
expiratoiA  spiromeU^,  and  we  found  that 
the  FRC  or  the  volume  above  FRC  was 
exactly  the  same.  So  auto-PEEP  was 
right.  1  suppose  this  means  that  the 


Respitrace  ;ilso  measured  a  shift  in  blood 
volume,  w  hich  was  of  major  im[X)rtance. 
and  which  can  cause  a  problem  in  the 
interpretation  of  the  aerated  lung  volume. 

Slutsky:  The  reason  I  ask  is  because 
there  certainly  can  be  differences 
between  the  two.  Which  is  more  impor- 
tant? Which  is  a  better  index  of  the  side 
effects  and  the  beneficial  effects  of 
whatever  mode  of  ventilation?  For 
example,  in  that  Cole  study,'  there  was 
a  decrease  in  oxygen  transport  and  so 
presumably  caidiac  output.  Tliat's  prob- 
ably related  to  an  increase  in  pleural 
pressure,  which  suggests  that  probably 
thoracic  volume  is  more  important.  So 
we  think  about  auto-PEEP,  but  phys- 
iologically, which  is  the  most  impor- 
tant variable  to  approximate? 

1 .  Cole  AG.  Weller  SF.  Sykes  MK.  Inverse 
ratio  ventilation  compared  with  PEF.P  in 
adtilt  respiratory  failure.  Intensive  Care 
Med  l984;10(5):227-232. 

Brochard:  You  are  absolutely  right. 
What  I  tried  to  point  out  is  that  I  think 
it's  very  important  to  understand  the 
mechanism  by  which  it  acts  because  if 
it  is  only  an  increase  in  lung  volume, 
which  was  not  measured  by  Respitrace. 
you  can  have  exactly  the  same  thing 
with  a  small  lev  el  of  PEEP.  That's  what 
I  mean. 

Kacmarek:  I  agree  that  the  Respitrace 
is  just  not  that  sensitive  an  indicator  of 
small  thoracic  volume  changes.  We  saw 
the  same  thing.  We  published  a  paper 
in  Anesthesinloiiy  a  few  years  ago'  kK)k- 
ing  at  sonomicrometers  implanted  on 
the  diaphragm  in  some  postthoiacotomy 
patients.  We  didn't  add  to  that  paper  the 
data  that  you're  making  reference  to. 
but  we  used  Respitrace  and  we  mea- 
sured auto-PEEP  and  we  didn't  see  the 
change  in  thoracic  volume  with  the 
Respitrace.  even  though  we  had  addi- 
tional auto-PEEP.  I'm  just  not  sure  that 
the  Respitrace  is  sensitive  enough  to 
giv  e  you  those  minor  changes.  It'll  tell 
you  changes  in  pattern,  but  it  is  not 
accurate  for  identifying  changes  in  total 
thoracic  volume. 
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1 .  Fratacci  MD,  Kimhall  WR,  Wain  JC.  Kac- 
marek  RM,  Piilaner  DM  Zapol  WM. 
Diaphragmatic  shortening  after  thoracic 
surger\  in  humans:  effects  of  mechanical 
ventilation  and  thoracic  epidural  anesthesia. 
Anesthesiology  19y3;79(4):654-655. 

Slutsky:  I  don't  know  that  study.  Bob. 
It  could  have  been  tJie  opposite  problem. 
It  could  have  been  the  change  in  blood 
volume  because  the  Respitrace  is  not  bad 
in  paralyzed  patients,  if  you  calibrate  it 
just  before  you  use  it.  especially  in  par- 
alyzed patients  because  you  don't  have 
the  problems  with  changes  in  degrees 
of  freedom  and  chest-wall  movement. 
So,  it  does  give  you  independent  infor- 
mation because  by  measuring  auto- 
PEEP,  you  have  a  pressure  in  the  lung, 
but  you  don't  know  what's  happened  to 
blood  volume  in  the  thoracic  cage,  and 
a  couple  of  other  things. 

Brochard:  I  think  that  if  there  are  dis- 
agreements between  the  two  techniques, 
the  expiration  spirometry  is  something 
simple — to  help  \ ou  understand  where 
you  are  and  if  FRC  is  the  same. 

Peruzzi:  In  using  pressure-preset  modes 
or  pressure-oriented  modes  in  mechan- 
ical ventilation  of  ARDS  patients,  what 
do  you  see  as  the  role  of  inverse  ratio 
ventilation?  Our  experience  is  that  we 
tend  to  be  using  more  one-to-one  or 
ratios  slightly  on  either  side  of  that.  What 
do  you  feel  about  that  circumstance? 

Brochard:  Clearly  from  the  literature, 
except  from  the  Cole  study,'  there  are 
few  convincing  data  showing  that  pres- 
sure controlled  inverse-ratio  ventilation 
does  something  different  from  increas- 
ing intrinsic  PEEP.  In  the  initial  stud- 
ies, for  instance,  1  tliink  lliere  were  major 
improvements  in  oxygenation,  which 
were  due  both  to  intrinsic  PEEP  and  to 
a  decrease  in  cardiac  output.  This  was 
also  shown  in  the  Cole  study.  So,  I  don't 
see  a  clear  place  for  inverse  ratio  ven- 
tilation, at  least  at  2  to  1 ,  3  to  I ,  or  4  to 
1 .  Another  point  that  is  a  little  bit  dif- 
ficult to  discuss  is  the  difference  between 
peak  pressure  and  plateau  pressure. 
Clearly,  plateau  pressure  is  much  clo.ser 


to  alveolar  pressure  than  peak  pressure, 
but  it's  not  exactly  aheolar  pressure.  To 
get  the  best  index  of  alveolar  pressure, 
it  would  be  best  to  measure  the  pressure 
at  the  exact  time  when  flow  comes  to 
zero.  So  before  you  have  this  slow 
decrease  in  pressure,  you  may  find  some 
differences  between  a  very  high  peak 
flow  and  a  very  short  inspiration,  and 
a  prolonged  inspiration,  probably 
because  of  the  distribution  of  ventila- 
tion. But,  again,  at  least  in  patients,  this 
has  not  been  studied  very  carefully.  But 
I  think  this  makes  sense. 

1 .  Cole  AGH.  Welier  SF.  Sykes  MK.  Inven^e 
ratio  ventilation  compared  with  PEEP  in 
adult  respiratory  failure.  Intensive  Care 
Med  1984;  10:227-232. 

Kacmarek:  The  perspective  that  we've 
taken  in  dealing  with  inspiratory  time 
lengthening,  and  I  would  use  that  term 
instead  of  inverse  I-E  ratio,  is  to  use  it 
as  a  mechanism  of  elevating  mean  air- 
way pressure  (once  you've  maximized 
PEEP  level  from  a  recruitment  per- 
spective) without  changing  plateau  pres- 
sure. I  think  that  defines  the  limit  of  its 
usefulness.  Once  increasing  inspiratory 
time  creates  auto-PEEP.  it  becomes  no 
better  than  any  other  maneuver  used  to 
elevate  PEEP.  I  agree  that  in  most  cases 
an  I-E  ratio  of  about  1:1  or  a  little  bit 
longer  inspiratory  time  is  ideal.  But.  I 
think  it's  the  philosophical  perspective 
that  you  come  from — if  you  come  from 
the  inverse  I-E  ratio  perspective  and 
jump  from  1 :2  to  1:1  to  2: 1 ,  you  can  get 
into  real  trouble;  whereas,  if  you  slowly 
increase  inspiratory  time  in  0. 1  second 
increments  until  an  oxygenation  target 
is  met.  the  problems  that  we  see  in  the 
literature  can  be  eliminated. 

Brochard:  But  again  I  don't  think  we 
know  if  it's  necessary  to  increase  mean 
airway  pressure.  While  it  has  been  said 
that  mean  airway  pressure  is  a  main 
determinant  of  oxygenation,  in  most 
studies  it's  very  difficult  to  separate  it 
from  end-expiratory  lung  volume.  For 
instance,  in  our  study,  keeping  the 
same  end-expiratory  lung  volume  but 
increasing  mean  airway  pressure  did 


not  improve  oxygenation.  It  even  wors- 
ened oxygenation. 

Kacmarek:  But  I  think  in  your  study  the 
reason  was  that  you  impaired  hemo- 
dynamics. 

Brochard:  There  was  no  significant 
decrease  in  cardiac  output,  but  there 
were  some  trends  towai'd  increasing  the 
arterio-venous  difference  in  oxygena- 
tion with  PCIRV.  which  suggests  that 
there  was  some  problem  in  the  periph- 
eral oxygenation. 

Kacmarek:  In  our  experience,  by 
slowly  increasing  inspiratory  time  with- 
out affecting  plateau  pressure  or  with- 
out affecting  total  PEEP,  an  increase 
in  mean  aii'way  pressure  of  3-4  cm  H2O 
clearly  improves  oxygenation  in  some 
cases.  But  you're  right.  There's  no  sys- 
tematic prospective  study  that  I  am 
aware  of  that  has  looked  at  it  from  this 
perspective. 

Brochard:  I  think  that  another  point  is 

that,  because  we  use  limited-pressure  or 
limited-volume  ventilation,  we  may  be 
at  risk  in  some  patients  of  not  fully 
recruiting  available  alveoli.  This  is  a  pos- 
sibility. We  tried  to  look  at  that  with  CT 
scan  studies,  but  it's  difficult.  It's  pos- 
sible that  recniitment  is  not  due  to  PEEP 
itself  but  to  tidal  volume,  and  PEEP  is 
there  to  keep  the  alveoli  open.  So  maybe 
with  small  tidal  volumes  there  may  be 
some  collapsed  regions  not  reopened. 
Maybe  using  intermittent  sighs  or  pro- 
longing inspiration  may  help  in  this  pro- 
cess, but  that  is  only  an  hypothesis. 

Slutsky:  I  think  that  is  a  very  important 
point  that  we  discussed  a  little  bit  yes- 
terday in  terms  of  recruitment.  If  you 
look  at  the  literature,  mean  airway  pres- 
sure appears  to  be  the  key  determinant 
of  oxygenation,  but  leally  it's  mean  lung 
volume  that's  much  more  important.  It's 
not  the  only  thing  but  it's  much  more 
important.  There  are  some  studies  that 
Charlie  Bryan  has  done — I  don't  know 
if  he's  published  these,  yet — using  high- 
frequency  ventilation.  The  results  in  rela- 
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tion  to  Pq,  show  a  hysteresis  similar  to 
that  of  the  pressure-volume  curve.  In 
other  words,  oxygen  delivery  is  higher 
on  the  descending  limb  of  the  Pq;  ver- 
sus airway  pressure  plot,  so  at  the  same 
mean  airway  pressure,  depending  on 
vv  hcther  you're  on  the  inflation  or  defla- 
tion limb.  ye)u  have  hiif^c  differences  in 
oxygenation,  from  Po;S  of  50  to  3(X).  Tlie 
subject  has  the  same  mean  airway  pres- 
sure, but  mean  lung  volume  is  very  dif- 
ferent. So.  I  think  we  haven't  focused 
on  mean  lung  volume. 

That  brings  up  another  question,  and 
that  is  time.  A  number  of  anecdotal  re- 
ports suggest  that  if  you  keep  people  on 
IRV  for  a  long  period  of  time  that  they 
seem  to  do  better.  Maybe  it's  related  to 
recruitment.  Maybe  it's  real  or  maybe 
not.  1  thought  you  mentioned  in  your 
talk  that  you  were  going  to  discuss  this 
a  little  bit.  but  I  don't  remember  it  com- 
ing up. 

Brochard:  No.  the  only  paper.  1  think. 
\\  hich  tried  to  assess  that  was  the  paper 
by  Sydow  and  Burcluudi.'  Because  there 
iire  so  many  diflerences  between  the  two 
periods  of  \entilation.  it's  very  difficult 
to  say  whether  it's  recruitment  or  not. 
In  their  paper  they  said  that  there  is  an 
improvement  in  compliance  with  this 
mode  of  ventilation.  So,  they  say  that 
there  is  a  time-dependent  recruitment. 
But  if  you  don't  control  for  sedation,  for 
oxygen  consumption,  for  many  things, 
it's  very  difficult  to  interpret. 

I .  Sydow  M.  Burchardi  11. 1-phiaiiii  E.  Ziel- 
mann  S.  Cro/icr  TA.  l^<iii!;-lcnii  cfTccIs 
of  two  vcnlilaKin'  modes  on  oxygenation 
in  acnte  lung  injury:  comparison  of  air- 
way pressure  release  ventilation  and  \iil- 
ume-comrolled  inver.se  ratio  ventilation. 
AmJ  RespirCritCareMed  1944:144(6): 
1550-15.%. 


Kucmarek:  The  critical  I'actor — when 
you  look  at  mean  airway  pressure  as  a 
determinant  of  oxygenation — is  the 
PEEP  level.  Independent  of  PEEP, 
mean  airway  pressure  only  shows  a 
direct  relationship  to  oxygenation  w  hen 
the  PEEP  is  high  enough  that  \ou'ic 
sure    that    \(Hi    ha\e    recruited    .ill 


recruitable  lung  units.  Those  studies  that 
showed  what  you're  saying  all  were 
studies'  in  which  PEEP  was  very  low. 
so  that  you  had  some  derecruitment  dur- 
ing the  expiratory  period.  If  you  look 
at  Pesenti's-  data  and  Gattinnoni's  data' 
when  they  kept  PEEP  at  or  above  the 
inflection  point,  there  was  clearly  a  rela- 
tionship between  oxygenation  and  mean 
airway  pressure,  independent  of  further 
adjustments  in  PEEP  level.  It's  a  com- 
plex inter-relationship  and  certain  things 
have  to  occur  first,  before  you  can  ex- 
|iect  that  linear  change. 

1.  Cheney  FW  Jr.  Burnham  SC.  Effect  of 
ventilatory  pattern  on  oxygenation  in  pul- 
monary edema.  J  AppI  Physiol  1971  ;3 1(61: 
909-9 12. 

2,  Pesenti  A.  Marcolin  R.  Prato  P.  Borelli  M. 
Riboni  .\.  Oattinoni  L.  Mean  airway  pres- 
sure \s  positive  end-expiratory  pressure 
during  mechanical  ventilation.  Crit  Care 
Med  1985:13(1  ):.M-37. 

.3.  Gattinoni  L.  Marcolin  R.  Caspani  ML. 
Fumagalli  R.  Maseheroni  D.  Pesenti  A. 
Constant  mean  airway  pressure  with  dif- 
ferent patterns  of  positive  pressure  breath- 
ing during  the  adult  respiratory  distress 
syndrome.  Bull  P.ur  Physiopathol  Respir 
1985:21(-3):275-279. 

Slutsky:  I  agree  that  the  issue  is  that 
PEEP  is  quite  often  used  without  full 
recruitment.  In  terms  of  the  physiology, 
really  what's  important  is  the  recruit- 
ment, the  lung  solumc. 

Kacmarek:  Exactly. 

Slutsky:  Once  you've  opened  the  lung 
tip  completely.  ... 

Kacmarek:  ...  then  it  doesn't  realls 
matter  how  you  increase  mean  airway 
pressure.  If  you  increase  it,  you  should 
get  a  response  from  oxygenation, 
whether  it's  more  PEEP,  whether  it's 
inspiratory  time,  whether  it's  peak  air- 
v\ay  pressure.  Any  of  those  should 
result  in  improved  oxygenation.  // 
you've  recruited. 

Hess:  Laurent,  you  showed  the  pressure- 
Nolume  curves  that  you  generate  in  youi 
ICU.  and  you  had  a  paper  in  American 
Review  a  couple  of  months  ago  about 


this'.  We  actually  talked  about  this  a  lit- 
tle yesterday — about  how  in  the  ICU  one 
can  generate  those  kinds  of  curves  and 
identify  upper  and  lower  inflection 
piiints;  so,  if  you  could  tell  us  about  the 
system  that  you  use  to  generate  those 
kinds  of  curves. 

I .  Roupie  E.  Dambrosio  M.  Servillo  G. 
Menlec  H.  el  Anrous  SE.  Beydon  L.  et  al. 
Titration  of  tidal  volume  and  induced 
hypereapnia  in  acute  respiratory  distress 
syndrome.  Am  J  Respir  Crit  Care  Med 
1995;152(l):12l-128. 

Brochard:  OK.  In  years  past  we  used 
the  super-syringe  technique.  The  super 
syringe  looks  like  a  clyster  or  a  big 
enema  and  has  the  major  disadvantage 
of  requiring  disconnection  of  the 
patient — a  major  problem  in  hypoxemic 
patients.  We  now  use  most  frequently 
the  technique  described  by  Levy  and  co- 
workers,' by  Ranieri.-  by  Fernandez' — 
a  number  of  papers  describing  very 
carefully  this  technique.  The  technique 
is  performed  during  the  usual  ventila- 
tion of  the  patient  by  inteiposing  from 
time  to  time  breaths  of  different  volumes 
at  the  same  flowrate.  being  sure  at  each 
breath  that  we  have  the  same  volume 
history,  and  that  we  have  the  same  level 
of  end-expiratory  volume  by  measur- 
ing intrinsic  PEEP.  Then  we  inflate  to 
a  very  small  volume,  measure  the 
plateau  pressure,  come  back  to  the  new 
ventilation,  and  after  5-h  breaths,  inflate 
to  a  higher  volume  and  so  on.  By  being 
sure  each  time  that  we  start  from  the 
same  end-expiratory  lung  volume,  we 
can  consuuct  the  curve  by  plotting  each 
pressure-volume  point,  and  the  data  1 
presented  to  you  are  this  type  of  curve. 
If  you  want  an  inspiratory  pressure-vol- 
ume curve,  vou  cannot  see  the  hys- 
teresis, but  to  look  for  the  infiection 
|X)int  or  the  deflection  point  is  very  use- 
ful. However,  as  I  mentioned,  one  of  the 
]iroblems  vv  ith  this  technique  is  that  it's 
sometimes  difficult  to  precisely  deter- 
mine the  inflection  point — probably 
because  you  need  a  large  number  of 
points  and  good  accuracy — because  it's 
a  very  small  amount  of  pressure  and 
some    cardiac    artifacts    simply    can 
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change  the  pressure  you  measure.  So 
it's  sometimes  difficult  to  clearly  see 
the  inflection  point.  That's  why  I'll  say 
that  often  in  first  approximation,  we  also 
titrate  PEEP  just  looking  at  oxygena- 
tion on  the  one  hand  and  hemodynamics 
on  the  other  hand.  The  problem  with 
oxygenation  is  tliat  if  you  increa.se  PEEP 
too  much,  you  will  see  an  increase  in 
PaO:  that  may  be  due  in  part  to  a  de- 
crease in  cardiac  output.  (There  is  this 
funny  relationship  between  cardiac  out- 
put and  shunt:  decreasing  cardiac  out- 
put, decreases  the  amount  of  blood  flow 
to  the  injured  lung. )  Of  course,  it's  not 
very  interesting  to  decrease  oxygen 
transport  in  these  patients.  I  think  that 
the  point  where  you  have  an  improve- 
ment in  oxygenatiim.  vv  ithout  worsening 
hemodynamics,  is  approximately  the 
same  point  that  you  ha\'e  on  the  pres- 


sure-volume cui-ve.  lip  to  this  point,  you 
have  only  very  little  hemodynamic  ef- 
fect because  the  lung  compliance  is  very 
low.  So.  the  change  in  lung  volume  is 
small,  and  the  hemodynamic  conse- 
quences are  small. 

1 .  Levy  P.  Similouski  T.  Corbeil  C.  Piiri- 
ente  R.  Milic-Emili  J.  Jonson  B.  A  nietliod 
for  studying  the  static  volume-pressure 
curves  of  the  respiratory  systein  during 
mechanical  ventilation.  J  Crit  Care  19X9; 
4:83-89. 

2.  Ranieri  VM.  Eissa  NT.  Corbeil  C.  Chasse 
M,  Braidy  J,  Matar  N,  Milic-Emili  J. 
Effects  of  positive  end-expiratory  pres- 
sure on  alveolar  recruitment  and  gas 
exchange  in  patients  with  adult  respira- 
tory distress  syndrome.  Am  Rev  Respir 
Dis  1991;l44:-'i44-551. 

3.  Femande/  R.  Blanch  L.  Artigas  A.  Intla- 
tion  static  pressure-volume  curves  of  the 
total  respiratory  system  determined  with- 
out any  instrumentation  other  than  the 


mechanical  ventilator.  Intensive  Care  Med 
1993;19:33-38. 

Hess:  Very  good,  because  that  gets  right 
back  to  the  very  first  discussion  yes- 
terday. We  were  talking  about  PEEP  and 
one  of  the  questions  asked  was  whether 
you  titrate  according  to  lung  mechan- 
ics or  according  to  gas  exchange.  There 
was  some  discussion  that  maybe  the  best 
gas  exchange  might  be  very  close  to  the 
best  lung  mechanics,  which  I  think  you 
just  said. 

Brochard:  Gas  exchange  is  OK.  but 
it  is  not  sufficient.  You  need  to  have 
gas  exchange  plus  hemodynamics — 
either  cardiac  output,  blood  pressure, 
urine  output,  or  something  indicating 
that  you  change  or  your  don't  change 
the  cardiac  ouipiu. 


Understand. 

Adapt. 

Prosper! 


42"''  International  Convention  &  Exhibition 
November  3-6  •  San  Diego,  California 
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Introduction 

Noninvasive  ventilatidn  has  become  one  of  the  usual  pro- 
cedures used  to  suppoil  patients  with  respiratoi'V'  insut'tleieney. 
especially  in  the  home.'  '  in  this  report,  I  discuss  exclusively 
the  use  of  noninvasive  ventilation  in  acute  respiratory  fail- 
ure— an  application  tor  which  its  role  has  not  yet  been  clearly 
defined.  Although  some  anecdotal  experiences  and  shoit-temi 
studies  have  been  reported  with  negative  pressure  ventilation. 
I  concentrate  on  modes  ol  positive  pressure  ventilation  because 
data  from  controlled  trials  are  available  only  for  these  modes. 

Although  mechanical  ventilation  is  a  lifesaving  procedure, 
many  complications  linked  to  this  technii|iie  have  been  rec- 
o>;ni/ed  tocaiiA  their  own  morbiditv  and  morlalilv.'^The  main 
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objective  of  noninvasive  ventilation  for  acute  respiratory  fail- 
ure is  to  deliver  adequate  ventilatory  suppoil  w  ithout  the  need 
to  peifomi  endotracheal  intubation.  This  is  different  from  home 
mechanical  ventilation,  where  noninvasive  ventilation  can  be 
used  to  prevent  deterioration  of  chronic  respiratory  insuffi- 
ciency or  as  an  alternative  to  tracheotomy.''"'  During  acute 
respiratory  failure,  the  main  objectives  are  to  avoid  compli- 
cations of  endotracheal  intubation  or  to  deliver  ventilator)  sup- 
port to  patients  for  whom  endotracheal  intubation  is  not  desir- 
able. Some  of  those  complications  result  directly  from  the 
endotracheal  intubation  procedure,  such  as  the  occurrence  of 
cardiac  arrest  or  aspiration  at  the  time  of  intubation  or  laryn- 
geal or  tracheal  injury  with  long-term  sequelae.**  Nosocomial 
pneumonia  is  often  secondary  to  bacterial  colonization  of  the 
pharynx  and/or  upper  gastrointestinal  tract,  with  repeated 
microinhalations  of  contaminated  secretions  around  the  endo- 
tracheal tube  inducing  the  development  of  the  pneumonia  that 
is  responsible  for  prolonged  hospital  stay  and  mortality.'-  Noso- 
comial sinusitis  is  favored  by  a  loss  of  normal  sinus  drainage, 
especially  when  the  tube  is  placed  \  ia  the  nasal  route."  The 
need  for  heavy  sedation  and  some  of  the  difficulties  in  wean- 
ing or  episodes  of  pt)stextubation  respiratory  distress  may  also 
be  attiibuted  indiivcllv  to  the  presence  of  the  endotracheal  tube. 
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Another  possible  indication  for  nonin\  asive  \  entilation  is 
the  need  to  deliver  ventilatory  support  for  patients  in  w  honi 
invasive  mechanical  ventilation  is  not  desirable.'"'"'  This  can 
be  the  case  in  patients  with  late-stage  disease  who  refuse  to 
be  intubated  or  in  elderly  patients  with  se\ere  underlying 
chronic  diseases.  For  such  patients.  nonin\  asive  ventilation 
may  delixer  adequate  support  for  respiratoiA  distiess  at  a  lower 
risk  of  complications.  In  the  same  way.  because  the  neces- 
sary decisions  may  be  difficult  to  make  at  an  early  phase  of 
acute  respiratory  failure,  noninvasive  ventilation  may  be  used 
to  postpone  endotracheal  intubation. 

Physiologic  Effects 

Continuous  Positive  Airway  Pressure 

Continuous  positive  aii-way  pressure  (CPAP)  has  been  used 
for  many  years  in  patients  with  hypoxemic  respiratory  fail- 
ure. Improvement  in  respiratory  system  compliance  leads  to 
a  decrea.se  in  the  work  of  breathing  and  an  increase  in  the  sense 
of  comfort.'^  '**  These  effects  are  combined  with  an  improve- 
ment in  oxygenation.  This  type  of  therapy  delivered  via  a  face 
mask  may  be  poorly  tolerated  by  some  patients.  CPAP  has 
also  been  used  in  patients  with  left  ventricular  failure,  with 
the  aim  of  improving  both  hemodynamics  and  respiratory 
mechanics.'"^  In  fact,  acute  hypercapnic  ciudiogenic  pulmon;iry 
edema  is  the  only  condition  in  which  a  clear  benefit  of  CPAP 
has  been  demonstrated  in  a  randomized  controlled  trial.'"  In 
that  study  by  Bersten  and  co-workers.  CPAP  significantly 
improved  several  physiologic  variables  and  reduced  the  num- 
ber of  patients  requiring  intubation. 

In  the  pa.st.  CPAP  and.  more  commonly,  positive  end-expi- 
ratory pressure  (PEEP)  have  been  considered  to  be  contra- 
indicated  for  patients  with  chronic  obstructive  pulmonaiy  dis- 
ease (COPD).  The  main  reason  was  the  belief  the  addition 
of  PEEP  had  the  potential  for  worsening  hyperinflation,  a  major 
factor  inducing  abnormal  respiratory  mechanics  in  COPD 
patients.  The  description  of  dynamic  hyperinflation  in  such 
patients,  responsible  for  a  positive  value  for  respiratory  sys- 
tem elastic  recoil  pressure  at  end-expiration,  suggested  that 
such  an  attitude  needed  to  be  questioned.-"-'  When  flow  lim- 
itation is  the  cause  of  dynamic  hyperinflation,  external  PEEP 
may  reduce  the  mouth-to-alveolar  pressure  difference  that 
exists  at  the  beginning  of  inspiratoi^  muscle  activity  and  then 
reduce  the  inspiratory  work  of  breathing.-"-'  In  COPD  patients 
who  are  not  intubated,  few  data  are  available  on  the  effects 
of  CPAP.  Miro  and  colleagues--  used  mask  CPAP  at  5  or  10 
cm  H2O  in  7  alert,  hypercapnic  COPD  patients.  In  5  of  those 
patients.  CPAP  improved  gas  exchange  but  I  patient  was  with- 
drawn because  of  side  effects  and  was  intubated.  The  small 
number  of  patients  and  the  absence  of  a  control  group  make 
these  results  only  preliminary. 

More  interesting  seems  the  combination  of  CPAP  and  pres- 
sure support  ventilation  (PSV). -'■-■'  Appendini  and  co-work- 


ers-" demonstrated  that  the  combination  of  these  2  types  of 
ventilatory  support  in  COPD  patients  who  were  not  intubated 
had  a  greater  efficacy  for  reducing  inspiratory  muscle  effort 
than  each  one  alone.  However,  in  a  study  by  Fernandez  and 
co-workers.-'  low  levels  of  external  PEEP  could  be  added  suc- 
cessfully to  pressure  support  in  only  4  patients  of  all  those  expe- 
riencing a  total  of  14  episodes  of  acute  exacerbation  of  COPD 
because  it  generated  excessive  leaks  in  the  others. 

Intermittent  Positive  Pressure  Ventilation 

Both  volume-targeted  and  pressure-targeted  modes  of  inter- 
mittent positive  pressure  ventilation  (IPPV)  ha\e  been  used 
for  noninvasive  ventilation.- -^  Assist/control  ventilation  can 
be  used  with  usual  settings  for  breathing  frequency  and  inspi- 
ratory flow.  Because  ventilation  is  volume  targeted,  any  leak- 
age decreases  the  volume  delivered  to  the  patient,  and  some 
authors  have  recommended  setting  a  larger  tidal  \  olume  than 
those  used  in  intubated  patients. 

PSV  has  also  been  widely  used  for  noninvasive  ventila- 
tion.-'-''-**" This  mode  of  ventilation  usually  results  in  a 
decrease  in  the  work  of  breathing,  an  increased  tidal  volume, 
and  a  reduced  spontaneous  breathing  frequency.'-  During  non- 
invasive ventilation,  the  presence  of  leaks  are  roughly  com- 
pensated for  by  the  ventilator  because  the  inspiratory  pres- 
sure is  maintained  constant.  PSV  may,  however,  cause 
problems  in  the  cycling  mechanism  from  inspiration  to  expi- 
ration based  on  the  flow  decay,  and  some  authors  have  pre- 
ferred to  use  assist  pressure -control  \  entilation  in  which  the 
inspiratory  time  is  preset  or  to  add  mechanical  volume-tar- 
geted breaths  using  synchronized  intennittent  mandatory  ven- 
tilation witlT  pressure  support.  Tliis  problem  may  also  be  solved 
by  using  an  adjustable  flow  threshold  for  cycling.-"*  -'* 

In  most  clinical  series,  noninvasive  ventilatory  support  has 
been  delivered  intennittently.'-"-'-*'-^-'*-""'''  For  many  authors 
the  duration  of  ventilation  was  maximal  on  the  first  day,  from 
12-16  hours/day,  or  even  almost  continuously  with  periods 
of  10-20  minutes  during  which  the  assistance  was  stopped  to 
allow  the  patient  to  drink,  expectorate,  or  simply  to  rest.  On 
the  follow  ing  days,  the  duration  of  ventilatory  assistance  was 
gradually  reduced,  depending  on  the  clinical  status  of  the 
patient.  The  total  duration  of  ventilatory  assistance  was  remark- 
ably short  in  most  series,  ranging  from  a  mean  (SD)  of  8  (4) 
hours  in  the  study  by  Fernandez  and  co-workers-'  to  3  ( 1 )  day 
in  our  study  reported  in  1990.-"  or  4(2)  days  in  the  study  by 
Wysocki  and  co-workers." 

Mechanisms  of  Action 

Oxygenation 

The  first  goal  of  treatment  for  acute  respiratory  failure  is 
simply  to  oxygenate  the  patient.  This  raises  the  problem  of 
interpretation  of  the  uncontrolled  studies  with  apparent  ben- 
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efits  of  noninvasive  ventilation  because  similar  benefici;il  results 
may  be  obtained  by  ensuring  adequate  oxygenation,  what- 
ever the  equipment.  In  patients  with  COPD,  however,  oxy- 
gen often  worsens  hypercapnia  and  respiratory  acidosis,  which 
may  constitute  a  major  limitation  of  standard  treatment.  By 
increasing  alveolar  ventilation,  noninva.sive  ventilation  may 
allow  sufficient  oxygenation  without  raising  Paco:- 

In  some  studies,  noninvitsive  ventilation  delivered  with  pnes- 
.sure  support  was  able  to  improve  alveolar  ventilation  and  to 
decrease  PaCft-  In  other  studies,  the  main  effect  on  gas  exchange 
was  the  expected  improvement  in  oxygenation,  obtained  sim- 
ply by  raising  the  inspired  oxygen  fraction,  without  the  sub- 
sequent worsening  in  hypercapnia  often  reported  with  oxy- 
gen therapy  alone. -'-'^  This  may  reflect  differences  in  the 
severity  of  patient  condition.  It  is  also  possible  that  the  assis- 
tance could  not  he  delivered  in  an  optimal  way  in  some  patients, 
explaining  the  failure  to  rapidly  decrease  P;,co:-  Fernandez 
and  co-workers-^  previously  reported  that  PSV  via  a  full-face 
mask  was  able  to  minimize  oxygen-induced  hypercapnia  in 
these  patients.  In  patients  successfully  treated  noninvasively, 
we  found  that  the  rate  of  Pacch  decrease  was  much  slower  than 
the  increase  in  oxygenation.-*  Therefore,  the  absence  of  an 


immediate  drop  in  PacO:  does  not  necessarily  indicate  a  fail- 
ure of  the  technique. 

Partial  Unloading  of  Respiratory  Muscles 

The  effects  of  noninvasive  PSV  or  pressure-limited  ventila- 
tion on  breathing  pattern  and  respiratory  muscle  activity  have 
been  reported  in  patients  with  chronic  respiratory  insufficien- 
cy.-''"'"" Comparable  results  have  been  obtained  in  severe  but 
stable  COPD  and  in  patients  admitted  for  acute  exacerbation 
of  their  disease.  Pressure  support  can  be  delivered  nonin\asi\e- 
ly  and  assists  each  spontaneous  breath.  It  is  able  to  reduce  the 
transdiaphragmatic  pressure,  the  pressure-time  index  of  the 
respiratoiy  muscles,  luid  the  diaphragm  elecuoniyographic  activ- 
ity (Fig.  1).  This  reduction  in  muscle  effort  is  accompanied 
by  alterations  in  breathing  pattern,  with  increases  in  tidal  \ol- 
ume.  reduction  in  breathing  frequency  and,  frequently,  with 
an  increase  in  minute  ventilation.  Oxygenation  parameters  are 
improved  with  a  concomitant  increase  in  alveohir  ventilation. 

In  6  stable  hypercapnic  patients  with  COPD.  Nava  and  co- 
workers" showed  that  improvement  in  gas  exchange  was  asso- 
ciated with  a  substantial  reduction  in  diaphragmatic  acti\ity 
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Fig.  T  Tracings  of  airway  pressure  (Paw),  transdiaphragmatic  pressure  (Pd,),  electrical  activity  of  the  diaphragm  (Ed,)  and  flow  (V)  measured 
In  a  COPD  patient  admitted  for  acute  exacerbation,  during  baseline  (left  panel)  and  during  noninvasive  ventilation  with  inspiratory  positive- 
airway  pressure  (similar  to  pressure  support)  (nght  panel).  Note  the  dramatic  reduction  in  respiratory  muscle  activity  concomitant  with  modi- 
fications in  breathing  pattern.  From  Reference  29,  with  permission. 
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as  reflected  by  elcctromyogram  (EMG)."  In  a  study  by  Car- 
rey and  co-workers."'  a  reduction  in  diaphragm  EMG  activ- 
ity with  nasal  positive-pressure  ventilation  was  demonstrated 
in  normal  subjects  as  well  as  in  patients  with  obstructive  or 
restrictive  chronic  lung  disease.  In  our  1990  study.-"  a  reduc- 
tion in  diaphragmatic  pressure-time  index  and  diaphragmatic 
EMG  was  demonstrated  in  9  patients  in  acute  respiratory  dis- 
tress. However,  the  level  of  muscular  effort  did  remain  sub- 
stantial in  some  patients,  suggesting  that  a  modest  efficacy 
may  be  expected  in  some  patients. 

The  mechanism  by  which  beneficial  effects  are  obtained 
may,  therefore,  be  a  combination  of  adequate  oxygenation  and 
partial  unloading  of  the  respiratory  muscles,  allowing  die  patient 
to  put  his  or  her  muscles  partially  at  rest  while  keeping  alve- 
olar ventilation  initially  constant. 

Causes  of  Failure  &  Intluence  of  Technique 

Side  Effects 

Complications  reported  with  this  technique  are  usually 
minor,  but  they  may  necessitate  its  withdrawal.  Side  effects 
include  skin  pressure  lesions  and  facial  pain,  dry  nose,  eye 
irritation,  discomfort,  poor  sleep,  mask  leakage,  and  gastric 
distention.  Intolerance  of  the  mask  or  poor  adaptation  of  the 
mask  to  the  patient's  face  may  be  major  limitations  to  the  use 
of  noninvasive  ventilation.  In  a  study  by  Meduri  and  co-work- 
ers.'"*  2  patients  among  1.^  could  not  be  adequately  xentilated 
without  major  leaks,  and  therapy  was  withdrawn.  Another 
patient  developed  intolerance  to  the  mask  after  2  hours  of  tieat- 
ment.  and.  lastly.  2  patients  developed  mild  pressure  necro- 
sis at  the  site  of  the  mask  contact,  which  healed  spontaneously 
in  2  days.  Fernandez  and  co-workers-'  noted  no  significant 
side  effects  except  nose  pain  during  14  episodes  of  treatment 
for  acute  respiratory  failure.  In  a  study  by  Bott  and  co-work- 
ers,-' of  the  30  patients  randomized  to  the  noninvasive  ven- 
tilation. 4  could  not  be  ventilated:  2  because  they  could  not 
cooperate.  1  because  he  was  unable  to  breathe  through  his  nose, 
and  1  because  he  requested  the  withdrawal  of  all  active  treat- 
ment. Comatose  patients  with  a  need  for  airway  protection 
and  patients  with  a  frequent  need  to  remove  secretions  may 
be  difficult  to  treat  with  this  technique,  although  such  needs 
do  not  constitute  absolute  contraindications. 

Gastric  distention  seems  to  be  unciimmon  with  PSV  when 
mask  pressure  is  limited  to  20  cm  H2O.-''  Therefore  gastric 
suctioning  is  not  recommended. 

An  increase  in  peak  pressure  augments  the  risk  of  leak- 
age and  of  gastric  distention.  It  also  necessitates  tightening 
the  mask  more  closely,  with  an  increased  risk  of  facial  lesions. 

Mode  of  Ventilation 

We  found  that  the  effects  of  IPPV  were  markedly  differ- 
ent from  those  of  PSV  when  delivered  to  nonintubated  sub- 


jects with  high  vcntilatoiA'  demands.  Breathing  with  IPPV  may 
induce  extra  work  of  breathing  due  to  the  superimposed 
impedance  of  the  respiratory  circuit  and  the  poor  response  of 
the  ventilatorv  device.*  This  emphasizes  the  importance  of 
the  \'entilatoi-y  mode  when  ventilatory  failure  and/or  high  ven- 
tilatory deinand  are  present. 

PSV  and  assist/control  ventilation  have  been  the  two  most 
frequently  used  ventilatory  modes,  with  or  without  combi- 
nation of  PEEP.  In  one  prospective  comparative  study.-''  pres- 
sure support  was  found  to  be  better  tolerated,  with  fewer  side 
effects.  This  may  be  explained  by  the  higher  peak  mask  pres- 
sure generated  with  IPPV  and  the  lower  level  of  comfort  in 
the  presence  of  high  peak-airway  pressure. 

Patient- Ventilator  Interface 

In  patients  with  chronic  respiratory  failure,  noninvasive 
ventilation  has  usually  been  delivered  through  nasal  masks.' 
Commercially  available  models  can  be  used,  and  high-qual- 
ity masks  in  multiple  sizes  are  now  available.  Customized 
masks  of  silicone  paste  mixed  with  a  slow  catalyst  can  be  indi- 
vidually molded  to  the  patient's  nose.^  Masks  are  secured  to 
the  head  with  straps. 

In  the  acute  care  settings,  many  authors  are  using  full-face 
masks.-'  -■'*"  Nasal  masks,  however,  present  many  advan- 
tages compared  to  full-face  masks  including  better  comfort 
for  the  patient,  easier  use,  and  lower  internal  dead  space.  Dur- 
ing nasal  ventilation,  however,  inadvertent  loss  of  volume 
through  the  mouth  may  cause  serious  problems.  Patients  can 
experience  marked  patient-ventilator  asynchrony  during  air 
leakage  through  the  mouth.  Carrey  and  co-workers'"  have 
shown  that  during  nasal  positive  pressure  ventilation,  the  posi- 
tion of  the  mouth  is  a  crucial  factor  in  determining  the  effi- 
cacy of  the  technique  for  reducing  respiratory  muscle  activ- 
ity. Because  gas  insufHated  through  the  nose  may  escape 
largely  through  the  mouth,  the  closure  of  the  mouth  is  manda- 
toiy.  Many  patients  in  acute  respiratory  failure  do  not  choose 
to  breathe  solely  through  the  nose  and  are  often  not  coop- 
erative enough  to  do  so  on  request.  Disadvantages  of  the  full- 
face  mask  are  the  high  degree  of  discomfort  or  anxiety  gen- 
erated in  some  patients,  the  large  internal  dead  space  of  the 
mask,  and  the  difficulty  encountered  in  providing  a  perfect 
fit  to  the  patient's  face,  therefore  generating  leaks.  Manu- 
facturers appear  to  have  inade  efforts  recently  to  improve 
the  quality  of  these  masks. 

We  used  a  specially  adapted  full-face  inask  in  our  stud- 
jgj;  :.s.:')  ^,.,^j  j(  j^  noteworthy  that  side  effects  were  few  and 
did  not  cause  withdrawal  from  ventilatory  support  in  any 
patient.--*-^  This  can  probably  be  explained  by  the  short  dura- 
tion of  assistance  used  in  these  studies.  The  use  of  pressure- 
limited  modes  of  ventilation  allows  limiting  the  peak  pres- 
sure in  the  mask,  a  factor  which  may  play  a  role  in  the  volume 
of  leaks,  the  risk  of  gastric  inflation,  and  the  subjective  tol- 
erance of  the  ventilatory  support.  Also,  the  motivation  and 
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the  training  of  the  physicians  and  other  caregivers  may  play 
a  role  in  the  success  rate  of  the  technique.-**'" 

Mechanical  Support  Devices 

In  several  recent  studies,  the  possibility  has  been  evalu- 
ated of  inducing  CO2  rebreathing  during  pressure  support  us- 
ing devices  initially  designed  for  home  mechanical  ventila- 
tion. Because  these  systems,  delivering  2  levels  of  positive 
airway  pressure,  force  the  patient  to  breathe  through  a  sin- 
gle tube,  a  risk  of  CO^  rebreathing  is  present.  We"  evaluated, 
both  experimentally  and  clinically,  the  occurrence  of  CO2 
rebreathing  during  pressure  support  with  a  standard  BiPAP 
device  (Respironics,  Murrysville  PA)  adjusted  at  the  lowest 
PEEP  and  demonstrated  that  significant  CO2  rebreathing 
occurred,  inducing  extra  work  of  breathing.  This  defect  can 
be  remedied  by  using  a  3-way  valve  that  adds  an  additional, 
but  slight,  external  PEEP.  Ferguson  and  co-workers*  showed 
that  this  side  effect  of  the  technique  prevented  Picch  from  drop- 
ping with  ventilatory  support  in  hypercapnic  patients. 

Also,  we  recently  compared  several  devices  proposed  to 
noninvasively  support  patients  in  respiratory  failure  and  found, 
in  a  bench  study,  significiuit  differences  in  their  chtuacteristics."" 
We  also  demonstrated  that  these  differences  had  a  significant 
impact  on  the  amount  of  effort  expended  by  the  patients. 

Clinical  Results 

Descriptive  Studies 

Several  uncontrolled  studies  have  included  patients  whose 
clinical  status  was  severe  enough  to  make  the  physician  esti- 
mate that  endotracheal  intubation  was  deemed  necessary,  either 
immediately  or  after  a  few  hours  of  further  clinical  deterio- 
ration. In  initial  reports  concerning  noninvasive  ventilation, 
it  has  been  shown  that  blood  gas  abnormalities  could  be  par- 
tially corrected  and  that  failures — patients  who  eventually 
retiuired  endotracheal  intubation — were  most  often  not  related 
to  failure  of  ventilation  itself '^■-''■'"-'^"*-  In  an  uncontrolled  study, 
Meduri  and  co-workers'^  described  the  treatment  of  hyper- 
capnic respiratory  distress  in  IS  patients,  using  essentially  PSV. 
In  1.'^  of  18  patients,  intubation  could  be  avoided,  and  the 
authors  noted  that  the  initial  2-hour  improvement  in  Pro:  and 
pll  was  a  good  predictor  of  the  success  of  the  technique 
(absence  of  intubation).  In  addition,  in  a  subgroup  of  7  patients, 
face  mask  ventilation  was  applied  because  postextubation 
hypercapnic  respiratory  distress  had  occurred.  Assisted  ven- 
tilation was  delivered  noninvasively  with  the  same  immediate 
efficacy  as  through  an  endotracheal  tube  in  tliese  circumstances. 

Many  authors  ha\e  reported  success  rates  varying  from 
51  to  87%  in  hypercapnic  patients,  most  of  them  having  COPD, 
and  similar  results  were  obtained  in  patients  with  hypoxemic 
lung  failure.  Interpretation  of  the  data  obtained  in  uncontrolled 
studies  is,  however,  difficult.  Wysocki  et  al"  as.sessed  the  effects 


of  this  technique  in  1 7  consecutive  patients  with  various  causes 
for  both  hypercapnic  and  hypoxemic  respiratory  disU"ess.  Their 
overall  success  rate  was  47%.  They  found  that  several  dif- 
ferences existed  between  the  patients  with  success  and  those 
with  failure.  Most  hypercapnic  patients  were  in  the  success 
group,  and  most  hypoxemic  patients  were  in  the  failure  group. 

Nonrandomized  Trials  with  Historical  Controls 

Vitacca  and  co-workers-*  compared  the  clinical  efficacy 
of  the  2  main  modes  of  ventilation,  (ie,  PSV  and  volume-tar- 
geted assistycontrol  ventilation)  in  a  randomized  study  in  29 
COPD  patients.  The  efficacy  of  the  techniques  was  similar 
in  regard  to  the  need  for  endotracheal  intubation  (failure  1 2% 
for  PSV  and  23%  for  IPPV).  It  is  interesting  that  the  compliance 
with  treatment  was  better  and  the  side  effects  were  fewer  with 
PSV.  These  results  were  compared  to  an  historical  con&ol  group 
of  patients  with  disease  of  comparable  or  even  a  lesser  degree 
of  severity.  They  found  a  significant  decrease  in  the  rate  of 
endotracheal  intubation  with  noninvasive  ventilation. 

In  a  first  study, -^  we  reported  our  initial  experience  in  a 
series  of  1 3  patients  admitted  for  acute  exacerbation  of  COPD. 
Results  obtained  in  this  group  were  analyzed  in  a  case-con- 
trol study,  each  treated  patient  being  matched  with  an  historical 
control.  A  large,  significant  reduction  in  the  need  for  endo- 
tracheal intubation  was  observed  between  the  2  groups  (8  vs 
85%),  associated  with  a  reduction  in  the  length  of  ventilatory 
assistance  (3  vs  12  days)  and  in  the  length  of  stay  in  the  ICU 
(7  vs  19  days).  All  results  were  highly  significant  but  were 
obtained  in  a  single  center  and  on  a  small  sample  of  patients. 

Randomized  Controlled  Studies 

In  1995.  Wysocki  and  co-workers'^'  reported  the  results 
of  a  randomized  controlled  trial  comparing  noninvasive  \en- 
tilation  to  usual  care  in  4 1  non-COPD  ICU  patients  with  var- 
ious causes  of  respiratory  failure.  Patients  with  organ  failure 
other  than  the  lungs  were  not  included.  On  an  intention-to- 
treat  basis,  no  benefit  could  be  demonstrated  in  terms  of  need 
for  intubation,  length  of  hospital  stay,  or  mortality.  When  the 
subgroup  of  patients  with  acute  hypercapnic  ventilatory  fail- 
ure was  examined  (including  several  patients  with  postop- 
erative and  postextubation  distress),  a  significant  decrease 
was  found  in  the  need  for  endotracheal  intubation  and  in  the 
length  of  hospital  stay,  with  a  trend  towards  a  lower  mortality. 
These  results  indicate  that  hypercapnic  ventilatory  failure 
appears  to  be  a  good  indication  for  noninv asi\e  \entilation, 
whereas  the  possible  benefit  of  the  technique  in  hypoxemic 
patients  is  questionable. 

Wysocki  et  afs  results'"  were  confirmed  in  a  studs  with 
a  randomized  prospective  design  by  Kramer  and  co-workers'-^ 
who  showed  that  noninvasive  ventilation  reduced  the  need 
for  intubation  in  patients  with  acute  respiratoiT  insufficiency 
u  ho  were  otherwise  stable,  particularly  those  with  COPD.-** 
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In  this  study,  the  time  spent  by  nurses  and  therapists  at  the 
bedside  was  analyzed  and  was  found  to  be  similar  whatever 
the  therapeutic  approach. 

In  a  randomized  controlled  study.  Bott  and  co-workers-^ 
prospectively  compared  2  groups  of  patients  admitted  for  acute 
exacerbation  of  COPD.  The  same  medical  Qeamient  was  applied 
to  both  groups,  with  nonin\  asive  nasal  positive-pressure  ven- 
tilation applied  to  1  of  the  2  groups.  There  was  a  significant 
improvement  in  pH  from  7.35  to  7.38  in  the  group  treated  with 
noninvasive  ventilation,  whereas  pH  fell  in  the  control  group 
after  1  hour.  Visual  analog  scores  over  the  first  3  days  of  admis- 
sion showed  less  breathlessness  in  the  group  treated  with  non- 
invasive ventilation.  Lastly.  survi\  al  rates  were  compared  in 
the  two  groups.  In  an  intention-to-treat  analysis,  the  difference 
was  not  significant.  However,  when  the  4  patients  who  did  not 
tolerate  nonin\'asive  ventilation  were  excluded  from  the  anal- 
ysis, the  mortality  rate  was  found  to  be  significantly  lower  in 
the  treated  group  (4%  vs  30%,  p  <  0.05). 

This  experience  was  recently  extended  to  a  randomized  trial 
conducted  in  5  European  centers.-**  Patients  were  included  in 
the  study  when  they  had  been  admitted  for  acute  exacerba- 
tion of  COPD  with  objective  criteria  for  severity,  based  on 
breathing  frequency,  pH,  and  Pco-  Patients  with  a  clear  and 
treatable  cause  for  decompensation,  such  as  pneumonia,  need 
for  surgery,  pneumothorax,  acute  myocardial  infarction,  or 
patients  with  other  organ  failure  were  not  included  in  the  study. 
A  total  of  83  patients  were  randomized  either  to  a  conventional 
group  for  whom  treatment  included  oxygen,  antibiotics,  and 
bronchodilators  or  to  a  gioup  to  whom  the  same  treatment  was 
administered,  plus  systematic  use  of  noninvasive  PSV  deliv- 
ered via  a  full-face  mask.  PSV  was  delivered  with  a  specially 
manufactured  device,  designed  to  have  a  highly  sensitive  flow- 
triggering  system,  a  fast  rate  of  pressurization,  and  low  expi- 
ratory resistances  (ARM  25.  Taenia.  France).  At  the  time  of 
admission,  in  the  2  groups  while  breathing  room  air.  mean  pH 
was  =  7.27,  Pco:  =  70  torr.  and  Pq:  s  40  torr.  Although  the 
two  groups  were  similar  on  admission,  a  significant  reduc- 
tion in  the  need  for  endotracheal  intubation  was  noted:  74% 
intubated  in  the  conventional  group  versus  26%  in  the  group 
treated  with  noninvasive  ventilation.  Significant  reductions 
in  the  length  of  hospital  stay  and  in  the  in-hospital  mortality 
(from  29  to  9%)  were  found.  These  results  were  obtained  in 
a  carefully  selected  group  of  patients  (only  3 1  %  of  all  COPD 
patients  admitted  in  the  centers  during  the  study  period  could 
be  included),  hut  they  demonstrated  that  major  benefits  can 
be  expected  from  noninvasive  ventilation  in  the  treatment  of 
COPD  patients  admitted  for  acute  respiratory  failure. 

In  Conclusion 

Noninvasive  ventilation  may  bring  considerable  benefit 
for  the  treatment  of  acute  hypercapnic  ventilatory  failure,  espe- 
cially in  patients  with  COPD.-'  -'' "  Reduction  in  the  need  for 
endotracheal  intubation  has  been  demonstrated  in  selected 


groups.  Several  well-controlled  studies  have  also  shown  that 
this  may  be  associated  with  a  reduction  in  the  length  of  hos- 
pital stay  and  in  mortality. 

A  number  of  failures  of  the  technique  have  been  reported, 
and  further  efforts  are  needed  to  understand  tlie  causes  of  those. 
Part  of  the  explanation  may  come  from  the  equipment  used. 
and  improvement  in  the  type  of  assistance  delivered  to  the 
patients  is  clearly  needed.  New  forms  of  pressure-supported 
ventilation  may  bring  new  benefits. 
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Brochard  Discussion 

Pcruzzi:  In  terms  of  inslittiting  nonin- 
vasive ventilation  in  a  CX)PD  patient, 
vvhete  do  you  begin  this  proeess?  We 
ate  laeed  with  deciding  \\  hetiier  to  begin 
this  in  the  eiiieigency  depattnient  or  in 
the  intensive  care  unit.  Om  stance  has 
been  to  tegin  it  in  the  ititensive  c;ue  unit 
because  ofproblenis  with  logistics,  per- 
sonnel, time-intensive  till  at  ion  ol' ven- 
tilatory support  outside  of  an  ICU.  and 
transportation  to  another  critical  care 
area.  What  do  vou  do? 


Brochard:  There  ;ue  two  aspects  to  thts 
question.  One  is  where  to  do  it.  Can  we 
tio  it  outside  the  ICU?  The  other  ques- 
tion is  .Shoiiki  we  use  it  as  a  preventive 
measure  or  just  as  a  snppoil  tor  patients 
who  require  immediate  \entilat017  sup- 
poil'.'  We  hav  e  no  majoi'  e\ix?nence  w  ith 
noninvasive  ventilation  in  the  emer- 
gency ward.  However,  some  ot  the 
groups  in  our  muiticenter  studies — tor 
instance,  the  group  in  Barcelona — 
decided,  lor  a  number  of  reasons  (and 
one  of  these  reasons  was  that  they  had 
loo  many  patients  in  the  ICU)  to  use  it 


ill  the  emergency  ward,  btii  there  are  no 
published  data.  It  seems  to  work  very 
well,  and  many  patients  admitted  to  the 
emergency  v\ard  with  COPD  me  treated 
a  few  hours  there,  and  then  get  better, 
and  do  not  need  to  go  to  the  ICU.  This 
is  just  an  impression.  My  concern  is  that 
it's  not  an  easy  technique  to  apply,  and 
\ on  clearly  need  to  carefully  monitor 
the  patient.  But  this  may  be  done  well 
in  the  emergency  ward,  depending  on 
the  number  of  nurses  you  have  and  the 
|iersonnel  \tiu  hav e — therapists,  physi- 
cians— v\  ho  can  be  there.  So.  we  don't 
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do  it  because  of  a  problem  of  person- 
nel, but  probably  this  can  be  done  if  you 
can  monitor  your  patient  closely.  The 
second  question  is  Should  we  use  it  veiy 
early  as  a  preventive  measure — or  very 
late?  I  think  that  if  we  use  it  very  early, 
the  problem  is  that  we  will  have  to 
administer  noninvasive  ventilation  to  a 
lot  of  patients.  We  all  know  that  some- 
times we  admit  patients  who  we  really 
feel  won't  require  intubation.  But  if  we 
decide  to  do  it  preventively,  we  should 
do  it  in  those  patients.  I  think  this  will 
cause  major  problems  in  the  loads 
imposed  on  the  personnel,  and  this  may 
also  cause  some  worsening  in  some 
patients,  who  in  fact  were  OK  just  with 
oxygen.  So  I  won't  recommend  doing 
it  very  early.  However,  if  you  just  do  it 
very,  very  late,  this  is  also  difficult.  So, 
we  do  it  in  all  patients  admitted  at  risk 
of  needing  intubation  in  whom  the  pH 
is  below  7.35  and  who  are  likely  to  ulti- 
mately require  intubation. 

Kacmarek;  Just  a  comment  about  the 
use  in  the  EW  versus  the  ICU.  One  of 
the  problems  we  all  have  if  we're  not 
doing  noninvasive  ventilation  under 
research  protocol  is  the  issues  that  Lau- 
rent brought  up — personnel,  time,  edu- 
cation, ability,  interest.  In  application 
of  noninvasive  techniques  by  the  gen- 
eral medical  community,  it's  been  our 
finding  that  the  percentage  of  patients 
who  do  well  is  not  as  high  as  you  see  in 
the  studies.  Not  that  the  technique  isn't 
as  good,  but  availability  of  personnel  is 
a  problem.  A  certain  time  commitment 
is  required  eaily  on  in  the  establishment 
of  noninvasive  ventilation,  and,  of 
course,  it  takes  a  certain  personality  and 
commitment  to  stay  with  patients  and 
work  with  them,  talk  them  through  it. 
and  make  all  the  modifications.  Cleaily, 
practitioners  have  different  capabilities 
for  working  with  patients.  Individuals 
who  are  used  to  working  in  the  ICU  and 
managing  ventilators  by  simply  sedat- 
ing patients  and  making  changes  don't 
do  very  well  in  the  emergency  room 
talking  and  working  intimately  with  the 
patient — because  it's  really  the  patient 
who  has  a  lot  of  the  say-so  regarding  the 


right  settings  when  you  try  noninvasive 
ventilation.  There  are  a  lot  more  com- 
plexities in  getting  a  program  'off  and 
going"  and  working  well  than  meet  the 
eye  when  you  try  to  begin  noninvasive 
ventilation  outside  of  a  research  protocol. 

Hess;  In  the  acutely  ill  patient,  a  criti- 
cal care  ventilator  does  a  better  job  at 
mask  ventilation  than  some  of  the  bi- 
level  pressure  devices.  In  fact,  our 
approach  with  the  acutely  ill  patient  has 
been  to  use  an  adult  critical  care  ven- 
tilator to  provide  the  pressure  ventila- 
tion rather  than  to  use  one  of  the  blower 
devices.  Now,  having  said  that,  the  issue 
that  comes  up  is  that  if  one  uses  pres- 
sure-support ventilation,  rather  than  pres- 
sure-control ventilation,  if  there  are  leaks 
lU'ound  tlie  mask,  tlie  leak  may  be  greater 
than  the  end-inspiratoiy  flow  needed  to 
cycle  the  ventilator.  So,  my  own  anec- 
dotal experience  has  been  that  many 
times  pressure-contiol  ventilation  works 
better  than  pressure-support  ventilation, 
just  because  you  can  better  control  the 
inspiratory  time.  I  think  you  get  better 
patient-ventilator  synchrony  in  the 
patient  who  is  actively  trying  to  exhale 
when  the  ventilator  is  still  delivering 
flow  because  of  the  leak  and  so  forth. 

Brochard:  That  is  a  very  good  point. 
I  think,  first,  that  there  are  clearly  dif- 
ferences among  the  ventilators,  and  in 
the  study  which  will  be  published  soon 
by  Lofaso  and  our  group, '  we  comp;u"cd 
different  bi-level  pressure  ventilators  and 
there  are  major  differences  among  those 
ventilators.  In  general.  I  think  that  those 
V  entilators  are  very  smart  for  deliver- 
ing noninvasive  ventilation  in  chronic 
patients  with  low  ventilatory  demand. 
In  the  ICU,  it's  much  more  a  problem. 
That's  why  we  use  a  specially  designed 
ventilator  to  do  that,  which  is  close  to 
very  good  ICU  ventilators  in  terms  of 
pressure  support.  We  think  it  has  other 
advantages  because,  for  instance,  it  has 
very  low  expiratory  resistances  com- 
paied  to  classic  ventilators  with  the  expi- 
ratory circuit.  In  some  patients,  it  may 
be  beneficial.  In  fact,  we  use  a  combi- 
nation of  pressure  support  and  assist/con- 


trol because  we  can  fix  a  maximal  inspi- 
ratory time  on  our  ventilator.  So  it's  pres- 
sure support,  but  when  the  cycling  level 
is  not  recognized,  then  it  stops  after  a 
certain  time.  Tliis  time  can  be  set  shorter 
than  the  usual  .^-4  seconds,  which  is  a 
very  long  time,  so  we  usually  set  a  1- 
second  maximum  inspiratory  time. 

I .  Lolaso  K.  Brochard  L,  Hang  T.  Lonno  H, 
Hart  A.  Isabey  D.  Home  vs  intensive-care 
pressure  support  devices:  experimental  and 
clinical  comparison.  Am  J  Respir  Crit  Cane 
Med  (in  press). 

Mathews:  I  am  little  concerned  about 
using  mask  ventilation.  I  can  remember 
back  in  the  'old  days'  we  worked  with 
mask  ventilation  for  a  while  and  had  a 
lot  of  problems  re-establishing  values 
after  we  had  to  take  the  mask  off  to  do 
oral  suctioning  and  facial  care.  We  saw 
a  lot  of  ulcerations  of  the  nose,  chin, 
cheeks,  and  mouth  from  pressure  from 
the  mask.  Have  you  been  running  into 
any  of  those  problems? 

Brochard:  Sure,  you  can  encounter 
these  kinds  of  problems.  My  feeling  is 
that  compared  to  what  has  been  done  in 
the  past,  major  improvements  have  been 
made  in  the  quality  of  the  ventilatory 
support  and  in  the  type  of  ventilation 
delivered.  So,  those  problems  that  you 
suggest  may  be  counterbalanced  by  the 
beneficial  effects  of  ventilatory  support, 
which  are  probably  much  more  impor- 
tant. But  those  are  critical  points.  For 
instance,  the  problem  of  the  mask.  We 
now  have  different  types  of  mask,  and 
in  each  patient  we  try  to  use  the  best 
mask.  If  you  want  to  use  masks,  you 
must  try  them  yourself  first  because 
some  of  them  are  painful  on  the  nose. 
You  have  to  be  very  careful  about  the 
internal  volume  of  the  mask  and  how  it 
fits  the  patient.  One  mask  cannot  be  per- 
fect for  all  patients. 

Kacmarek:  You  noticed,  Paul,  the  pic- 
ture that  Laurent  showed  about  the  face 
mask.  One  of  the  things  that  we  have 
found  to  be  a  big  problem  is  that  prac- 
titioners tend  to  choose  a  mask  that  is 
too  large.  They  should  err  on  the  side 
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of  loo  small  rather  than  too  large.  You 
saw  Laurent's  picture — that  mask  was 
fitting  halfway  down  the  bridge  of  the 
nose,  which  is  exactly  where  it  needs  to 
be.  If  the  mask  sits  any  higher,  problems 
with  leaks  at  the  top  of  the  mask  are  sig- 
nificant and.  as  a  result,  practitioners 
strap  the  mask  too  tight  trying  to  elim- 
inate the  leaks,  increasing  the  likelihood 
of  pressure  sores. 

Mathews:  Laurent  is  right:  every  patient 
has  to  be  treated  as  an  indi\  itliial.  No  one 
mask  will  do  it  all. 

Peruzzi:  At  what  point  after  the  acute 
initiation  of  noninvasive  ventilation  do 
you  make  decisions  about  whether  just 
to  discontinue  it  or  to  continue  it  on  a 
nocturnal  or  periodic  basis — or  to  pur- 
sue it  on  a  continuous  basis  at  home'.' 
Hinv  do  you  decide  whether  to  send 
somebody  home  with  this'.'  A  question 

1  ha\e  lor  Bob  (Kacmaick)  relates  to 
how  one  transports  a  patient  on  whom 
you've  initiated  nonin\asi\c  ventilation 
in  the  emergency  department  to  an  ICL. 
once  it's  time  to  admit  them  there. 

Brochard:  First,  w  hat  I  may  not  have 
mentioned  clearly  is  tliat  this  technique 
cannot  be  used  continuously  on  a  24- 
hour  basis.  This  is  just  an  intermittent 
support.  This  is  impoiiant  because  what 
we  try  to  do  is  to  do  it  as  long  as  pos- 
sible on  the  tlrst  day ,  maybe  close  to  20- 
24  hours.  But  it's  not  possible  to  do  that 
in  the  days  that  follow,  at  least  in  our 
experience.  So  we  do  intermittent  peri- 
ods, which  may  be  3  hours  or  only  1  or 

2  hours.  ;md  then  the  same  [XmiikI  of  rest. 
Usually  weaning  is  not  the  problem 
because  when  the  patient  feels  better, 
everybody  in  the  unit  is  happy  to  stop 
the  technique.  When  the  patient  feels  that 
he  really  needs  the  mask,  he  may  ask  to 
go  on  with  noninvasive  ventilation. 
When  patients  do  very  well  with  noc- 
turnal nasal  ventilation  with  a  nasal 
mask,  then  we  discuss  the  possibility  ol 
home  mechanical  ventilation. 

Kacniarek:  1  think  Laurent  answered 
it.  We  begin  in  the  emereencv  rcxim.  sta- 


bilizing patients,  and  then  transferring 
them  without  ventilation.  We  put  them 
back  on  O;;  during  the  transport,  and 
once  we  get  them  back  to  a  unit,  we  re- 
establish ventilation.  I  think  the  big 
advantage  is,  as  Laurent  said,  patients 
can  have  it  off.  They  can  eat.  commu- 
nicate, do  mouth  care.  Even  if  it's  only 
for  \()-\5  minutes  every  couple  of  hours, 
it  really  makes  a  big  difference  in  their 
willingness  to  tolerate  this  as  opposed 
to  all  of  the  other  issues  that  you  have 
when  you  intubate  a  patient. 

Peruzzi:  What  is  the  minimum  amount 
of  time  that  you  keep  them  in  the  emer- 
gency dep;ulment  once  you've  put  them 
on  noninvasive  ventilation  and  they're 
hypercapnic  luul  in  difficulty?  You  ob\ i- 
ously  don't  want  to  U;msix)rt  tliem  within 
the  first  hour.  So  do  you  keep  them  there 
for  several  hours,  and  only  then  trans- 
fer them  once  you  feel  that  they've  sta- 
bilized to  a  reasonable  degree'? 

Kacniarek:  Meduri'  has  some  data 
showing  that  patients  who  are  going  to 
do  well  with  noninvasive  ventilation  will 
show  a  clear  change  in  blood  gases 
within  the  first  hour  to  hour  and  a  half 
I  think  that's  your  findings,  tixi,  Laurent? 

1.  Meduri  GU.  .Ahim-Shala  N.  Fox  RC. 
Jones  CB.  Lcepci"  KV.  Wunclerink  RG. 
Noninvasive  face  mask  niectianical  ven- 
tilation in  patients  with  acute  liypercap- 
nic  respiratory  failure.  Chest  I99I;IOO(2): 
445-454. 

Brochard:  No.  In  fact  we  were  sur- 
prised in  our  inulticenter  study  to  see 
that  the  change  in  Pco,  in  the  group  suc- 
cessfully treated  w  ith  noninvasive  ven- 
tilation was  relatively  small  at  1  hour, 
atul.  in  fact,  was  not  significant  in  our 
study.  It  only  became  significant  at  12 
hours.  Our  patients  improved  their  Pq- 
and  decreased  their  respiratory  rate,  but 
the  drop  in  Pco:  was  much  slower.  I 
don't  know  e.xacth  why  because  it's  a 
little  bit  different  from  our  piev  ious  find- 
ings. We  found,  initially,  that  Pcft  went 
down  to  a  larger  extent.  This  may  be  due 
to  the  design  of  the  study,  w  hich  was 
not  a  study  performed  in  the  physio- 


logical lab.  It  was  in  the  ICLI  with  any 
physician  on  call.  I  suspect  that  some 
patients  were  not  perfectly  fitted  w  ith 
the  mask — there  were  some  leaks  and 
some  problems. 

Kacniarek:  We  transport  them  when 
they're  reasonably  well  stabilized.  It's 
a  clinical  decision  made  by  the  group 
in  the  emergency  room.  With  some 
patients,  it's  quick:  with  some  patients 
it's  a  much  longer  period  of  time. 

Branson:  I  want  (especiallv  Bob  and, 
certainly,  Laurent )  to  suggest  that  some- 
where in  the  near  future  we  make  a  con- 
certed effort  to  come  to  grips  v\  ith  ter- 
minology on  the  devices  used  to  do 
noninvasive  ventilation,  because  the  last 
time  I  looked,  all  ventilators  were  bi- 
level  pressure  devices.  There's  a  low 
pressure  and  a  high  pressure.  And 
BiPAP.  in  America,  is  a  trade  name — 
not  a  technique.  1  think  a  lot  of  tech- 
niques and  devices  are  being  misapplied 
in  the  ICU  as  a  result  of  our  not  being 
careful  w  ith  our  terminology  early  on. 

Brochard:  1  hope  to  find  that  m  your 
book. 

Branson:  It's  there! 

Banies:  Is  there  a  certain  segment  of  this 
population  in  whom  there's  a  possibility 
of  gastric  insufflation  with  a  variable 
leak  of  the  mask?  If  you  get  a  tighter  fit 
than  you've  had  for  a  w  hile.  is  there  a 
possibility  you'll  put  air  in  the  stomach? 

Brochard:  Yes.  In  fact,  it  has  been 
described,  I  think,  in  the  study  com- 
paring pressure  support  and  assist/con- 
trol by  the  Italian  group.'  In  the  group 
with  assist/control  there  were  some 
patients  with  gastric  insufflation.  Our 
data  and  other  data  clcarlv  suggest  that 
the  level  of  peak  pressure  in  the  mask 
is  a  major  determinant  of  gastric  insuf- 
tlation.  When  you  go  above  20-25  cm 
HjO  you're  at  risk  of  gastric  insuffla- 
tion. That's  for  inspiration.  We  also 
found  tliat  adding  PEEP  and  even  main- 
taining the  same  level  of  inspiratory  ptes- 
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sure  also  increased  in  some  patients  the 
risk  of  gastric  insufflation.  I  don't  i<now 
exactly  why  the  effect  of  expiratory  pres- 
sure is  different  from  inspiratory  pres- 
sure and  generates  this  risk. 

1.  Vitacca  M,  Rubini  F,  Foglio  K,  Scalvini 
S.  Nava  S.  Ambrosino  N.  Non-invasive 
modalities  of  positive  pressure  ventilation 
improve  the  outcome  of  acute  e.xacerba- 
tions  in  COLD  patienls.  Intensive  Care 
Med  1993;IS)(8):450-4SS. 

Barnes:  In  your  experience,  has  this  lead 
to  any  significant  aspiration  pneumonia 
problems? 

Brochard:  No.  In  the  multicenter  study, 
the  number  of  complications  compar- 
ing the  treated  group  and  the  standard- 
treatment  group  was  significantly 
reduced,  and  the  number  of  nosocomial 
pneumonias  was  smaller.  It  was  not  sig- 
nificant because  it  came  to  small  num- 
bers. It  was  maybe  3  pneumonias  in  the 


group  treated  with  noninvasive  venti- 
lation versus  8-9  pneumonias  in  the  other 
group,  suggesting  the  reason  was  endo- 
tracheal intubation,  probably. 

Hurst:  From  a  surgical  point  of  view, 
be  careful  with  gastric  insufflation  at 
higher  pressures  in  3  groups  of 
patients:  patients  with  altered  mental 
status,  patients  with  mid-facial  frac- 
tures or  basal  skull  fractures,  which  in 
itself  is  going  to  be  an  issue,  and 
patients  with  a  fresh  esophageal  or  gas- 
tric anastomosis. 

Kacmarek:  But  I  think  Laurent's  points 
are  the  ones  that  we  need  to  drive  home. 
Pressure  ventilation  really  doesn't 
require  pressures  high  enough  to  cause 
gastric  insufflation.  1  cannot  remember 
any  patient  I've  personally  dealt  with  for 
whom  we've  had  to  discontinue  mask 
ventilation  because  of  gastric  insuffla- 
tion. 1  don't  think  we've  had  (Dean  may 


correct  me  if  I'm  wrong)  any  patient 
who's  aspirated  as  a  result  of  nonin- 
vasive ventilation. 

Hess:  But  I  think  that  is  a  result  of  proper 
patient  selection.  We  have  not  tried  it 
on  the  patients  Jim's  talking  about.  We 
think  about  those  kinds  of  things,  and 
that's  why  we  haven't  seen  the  problem. 

Hurst:  But  your  experience  makes  you 
think  about  those  things,  where  in  less 
experienced  hands  that  may  not  be  the 

case. 

Brochard:  1  Just  reviewed  some  lit- 
erature on  the  laryngeal  mask,  which 
is  something  different.  I'm  not  propos- 
ing it  for  noninvasive  ventilation,  but 
1  was  suiprised  to  read  that  the  authors 
say  that  20  cm  HiO  was  the  pressure 
above  which  there  was  a  problem  of 
gastric  insufflation,  thus  correlating 
with  our  findiiiiis. 


Understand. 

Adapt. 

Prosper! 
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Conference  Summary — Mechanical  Ventilation: 

Ventilatory  Techniques,  Pharmacology,  Sc 

Patient  Management  Strategies 


Robert  M  Kacmarek  PhD  RRT 


Respiratory  Care  Journal  Conferences  are  designed  to 
bring  together  experts  from  around  the  world  to  present  state- 
of-the-ail  lectures  and  papers  revolving  about  a  specific  topic. 
The  title  of  the  1995  Conference  was.  Mechanical  Ventila- 
tion: Techniques.  Pharmacology,  &  Patient  Management 
Strategies.'  -  and  similar  to  past  conferences,  stimulating  and 
provocative  presentations  were  provided  by  recognized  experts. 
As  I  sat  and  listened  to  each  presentation.  I  could  not  help 
but  reflect  on  the  historical  development  of  respiratory  crit- 
ical care — how  topics  considered  new  and  on  the  cutting  edge 
today  have  been  frequently  detailed  and  discussed  in  the  past. 
For  example,  much  of  what  we  know  about  positive  end-expi- 
ratory pressure,  or  PEEP,  ttxlay  was  described  by  Alvin  Barach 
in  the  1930s  and  1940s.'-5  Alex  Adams  in  his  presentation 
to  this  Conference  pointed  out  that  John  Severinghaus 
described  the  concept  of  tracheal  gas  insufflation  (TGI)  in 
the  1960s,''  and  the  first  use  of  TGI  was  documented  in  1968.^ 
High-frequency  \entilation  techniques  have  been  available 
for  about  25  years'"  but  continue  to  oscillate  between  perie)ds 
of  heightened  excitement  and  disappointment  regarding  clin- 
ical utility." '"Regardless  of  whether  anyone  is  willing  to 
accept  the  fact  that  noninvasive  positive  pressure  ventila- 
tion (NIPPV)  as  defined  today  is  simply  a  refinement  of  LPPB. 
the  more  you  examine  the  historical  use  of  intermittent  pos- 
itive pressure  breathing  (IPPB).  the  more  obvious  become 
the  simikuities."  With  NIPPV  we  have  designed  better  equip- 
ment, refined  the  patient-Ncnlilator  interface,  and.  with  a  sin- 
gle puipt)se  loi-  its  application,  have  more  appropriately  selected 


Dr  Kacmarek  is  .Associate  Professor.  Depart  mom  ol  Aneslhesia,  Harvard 
Meciiciil  School,  and  Director  of  Respiratory  Care  Services.  Massa- 
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.A  \  crsion  ol  this  paper  was  presented  hy  Dr  Kacmarek  at  the  close  of  the 
Respiratory  C.ark  Journal  Conference.  Mechanical  Venlilalion: 
Techniques.  Pharmacology.  &  Patient  Management  Strategies,  held  in 
Cancun.  Mexico,  October  6-8.  1995. 


patients.  Even  liquid  ventilation  has  been  around  since  the 
1 960s.'-  My  point  is  that  although  the  specific  applications 
of  these  innovations  are  unique  today,  repetitive  cycles  of  in- 
troduction, acceptance,  rejection,  and  leintroduction  are  com- 
monly necessary  before  a  management  approach  becomes 
a  standard  of  care. 

Protocols  for  Ventilator  Management 

The  singular  presentation  that  had  the  most  impact  on  me 
at  this  conference  was  the  one  presented  by  Tom  East.  Tom's 
presentation  focused  on  the  complexity  of  making  decisions 
in  the  intensive  care  unit  (ICU)  and  the  sheer  numbers  of 
decisions  that  practitioners  must  make  on  a  daily  basis.  He 
pointed  out  that  an  average  of  178  clinical  decisions  are  made 
daily  in  the  ICU.  with  an  estimated  I'i  error  rate,  and  that 
of  the  1%  of  decisions  made  in  error.  29%  are  potentially 
fatal."  Tom  also  specifically  addressed  the  potential  num- 
ber of  decisions  regarding  mechanical  ventilation  that  are 
possible.  Considering  the  choices  of  specific  ventilator,  mode, 
oxygen  concentration,  tidal  volume  {W \).  rate,  inspiratory- 
to-expirator_v  -time  ratio,  and  so  on.  and  the  permutations  of 
these  choices,  the  practitioner  has  about  37  billion  possible 
decisions  that  could  be  made  regarding  mechanical  venti- 
lation.'' This  is  clearly  an  impossible  task.  Most  of  us  sim- 
plifv  this  process  by  using  a  specific  ventilator  and  select- 
ing a  specific  mode  and  range  of  variables  to  be  used  in 
defined  clinical  sellings.  However,  the  volume  of  literature 
regarding  the  various  aspects  of  mechanical  ventilation  con- 
tinues to  grow — seemingly  in  an  exponential  manner.  With 
each  new  piece  of  literature  published  or  opinion  given,  the 
task  of  the  bedside  clinician  becomes  more  complex.  Even 
a  conterence  such  as  this  one  can  increase  the  complexity 
of  bedside  decision  making  unless  the  results  of  the  con- 
ference simplify  the  decision-making  process.  As  Tom  East 
has  indicated,  the  most  important  contribution  that  experts 
can  make  for  the  practicing  clinician  is  to  provide  guidelines, 
establish  standards,  and  define  protocols  for  patient  man- 
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agement.  It  is  of  utmost  importance  that  these  recommen- 
dations, regardless  of  the  form  that  they  take,  be  based  on 
data.  Respiratory  care  in  general  and  mechanical  ventila- 
tion in  particular  have  been  dri\en  b\  anecdote.  It  is  impos- 
sible to  fmd  a  body  of  literature  that  dellnes  as  a  consequence 
of  randomized,  prospective  studies  any  aspect  of  mechan- 
ical \  entilation.  There  are  no  prospecti\  e.  randomized  stud- 
ies that  clearly  guide  the  use  of  PEEP  or  that  dcfme  the  mode 
of  ventilation  to  be  used  in  specific  clinical  settings.  Most 
recently,  a  number  of  clinicians,  most  notably  Laurent 
Brochard, '■*■''  Marcello  Amato.'"  Artur  Esteban.' '  and  then- 
respective  colleagues  have  provided  randomized  studies,  but 
the  number  of  these  is  still  small. 

Evaluating  Techniques  &  Management  Approaches 

I  propose  that  we  systematically  evaluate  all  new  mechan- 
ical ventilatory  techniques  or  management  approaches  based 
on  a  rating  system  that  takes  into  consideration  the  benefit, 
ease  of  application,  cost,  ajid  potential  or  real  risk  to  the  patient 
(Table  1).  Based  on  these  individual  ratings,  a  summary  or 
overall  evaluation  of  clinical  utility  can  then  be  established, 
clearly  identifying  whether  a  technology  or  management 
approach  is  experimental  and  should  be  applied  only  under 
an  institutional  review  board's  approved  protocol  or  that  the 
technology  or  management  approach  should  be  considered 
a  standard  of  care  and  used  by  all  practitioners  (Table  1 1. 

Table  I .      A  System  for  Rating  Ventilator  Technology  and  Techniques 
for  Ventilator  Management 

Components  To  Be  .^ti(lressed 
Benefit 

Ease  of  application 
Cost 
Risk 

Rating  Scale  From  1  to  5) 

1 — Little  benefit,  difficult  to  use.  high  cost,  high  risk 

,5 — Great  benefit,  easy  to  use.  low  cost,  low  risk 

Overall  Rating  Totals 

5-10 — Of  little  demonstrated  clinical  use.  experimental 

1 1-15 — Useful  in  select  patient  populations 

16-20 — Of  general  clinical  usefulness,  highly  recommended 


At  this  Conference,  three  central  themes  dominated  the 
presentations:  management  strategies. '"Ventilation  and  gas 
exchange  techniques.* '''-''  and  pharmacology.-'-''  In  the 
remainder  of  this  paper.  I  rate  each  of  the  specific  aspects 
of  these  three  categories.  However,  it  should  be  remembered 
that  these  ratings  are  mine  and  mine  only.  They  do  not  rep- 
resent the  consensus  of  the  group  and.  of  course,  represent 
my  biases  regarding  mechanical  ventilation  and  respiratory 
caie  in  general.  I  do.  however,  try  to  provide  support  for  each 
of  my  ratings. 


Management  Strategies 

In  my  opinion,  the  most  clinically  important  discussions 
at  this  Conference  centered  about  management  strategies  dur- 
ing ventilatory  support.  The  global  emphasis  was  that  ven- 
tilation should  always  be  applied  with  a  lung-protective 
approach.  That  is.  application  of  mechanical  ventilation  to  all 
patients  should  be  in  a  manner  that  minimizes  the  potential 
for  causing  lung  injury.  Table  2  lists  specific  components  of 
mechanical  \'cntilation  and  my  ratings. 

Table  2.      Ratini;  of  Strategies  for  Ventilator  and  Patient  Management 


Strategy                       Benefit 

Ease 

Cost 

Risk 

0\erall 
Total 

Minimal  PEEP                      5 
Maximal  alveolar  pressure*  4 
Permissive  hypercapnia         4 
Prone  position                        2 

5 
5 
4 
f 

5 

5 
5 
5 

5 
5 
4 

20 
19 
17 
11 

*Transpulnionan,  pressure  gradient 

Minimal  PEEP 

Figure  1  is  an  example  of  a  pressure-volume  cur\e  of  the 
lung  during  \entilaton'  support — a  figure  typical  of  the  slides 
shown  by  several  presenters.  Note  the  two  components  high- 
lighted— the  segment  that  encompasses  the  lower  inflection 
point  and  the  point  of  higher  inflection.  The  lower  inflection 
segment  represents  the  minimum  level  of  PEEP  necessary 
in  acute  lung  injuiy  to  recruit  collapsed  lung  units.  Although 
data  from  patients  in  randomized  trials  is  not  available,  a  num- 
ber of  well-designed  animal  studies  have  clearly  shown  that 
repetitive  opening  and  closing  of  lung  units  at  end-expira- 
tion can  result  in  injury  similar  to  that  seen  in  acute  respi- 
ratory distress  syndrome  (ARDS).-^"'  A  1993  Consensus 
Statement  of  the  American  College  of  Chest  Physicians"  and 
results  of  my  polling  Journal  Conference  participants  sug- 
gests that  in  early  acute  lung  injury.  PEEP  should  be  set  above 
this  highlighted  range.  I  consider  the  application  of  PEEP 
in  this  manner  a  standard  of  care  in  acute  lung  injury.  The 
question  that  still  has  not  been  adequately  addressed  is  Does 
PEEP  set  above  the  lower  inflection  range  prevent  the  devel- 
opment of  lung  injury  in  human  subjects?  Data  of  Pepe  et 
al'-  suggests  that  the  answer  is  No.  but  they  applied  only  5 
cm  H2O  PEEP,  a  level  below  the  lower  inflection  range  of 
most  patients. 

Maximal  Alveolar  Pressure 

The  management  approach  that,  in  my  opinion,  should  be 
considered  a  standai'd  of  care  with  all  mechanically  ventilated 
patients  is  limiting  the  transpulmonary  pressure  difference  to 
<  30  cm  H2O  or — more  practically — limiting  the  peak  alve- 
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upper 
innection  point 


lower 
inflection  area 


pressure 

Fig.  1.  Pressure-volume  curve  of  the  ventilated  lung  showing  the 
lower  inflection  area  (encompassing  the  lower  inflection  point)  and 
the  upper  inflection  point. 


olar  pressure  to  <  35  cm  HiO.  The  upper  inflection  point  in 
Figure  I  represents  the  pressure  and  volume  at  which  overdis- 
tention  of  the  lung  begins.  Ventilating  above  this  level  in  ani- 
mals has  been  shown  to  cause  lung  injury.  "■'"'  Unfortunately, 
much  of  the  available  data  in  patients  are  from  nonrandom- 
ized or  retrospective  studies.'^  "  However,  data  recently  pro- 
vided by  Amato  et  al"'  have  approached  significance  in  out- 
come in  a  small  group  of  randomized,  prospectively  studied 
patients.  The  indirect  data  at  this  time  are  overwhelmingly 
in  favor  of  maintaining  peak  alveolar  (end-inspiratory  plateau ) 
pressure  below  35  cm  HiO.  Pressure  may  exceed  this  level 
in  patients  with  reduced  chest-wall  compliance  (those  who 
have  ascites,  are  undergoing  peritoneal  dialysis,  or  have 
received  large-volume  fluid  resuscitation  following  trauma), 
but  in  the  majority  of  patients,  it  is  recommended  that  pres- 
sures be  kept  below  35  cm  H2O." 

Permissive  Hypercapnia 

If  PEEP  is  maintained  at  10  cm  H^O  or  more  and  max- 
imal alveolar  pressure  is  35  cm  H^O,  little  pressure  (20-25 
cm  HiO)  is  left  to  ventilate  patients  with  acute  lung  injury. 
This  has  resulted  in  Wj  being  set  at  8  mL/kg  or  less  in  these 
patients."  Rate  can  be  increa.sed  to  as  high  as  25/min  to  main- 
tain minute  ventilation,  but  in  all  patients,  rate  increase  is 
limited  by  auto-PEEP."  '**  In  volume  ventilation,  auto-PEEP 
increases  the  pe;ik  alveolar  pressure,  whereas  in  pressure  ven- 
tilation, auto-PEEP  decreases  the  ventilatory  pressure  dif- 
ference, reducing  Vj.  As  a  result,  in  many  patients  with  acute 
lung  injury,  hypercapnia  (so-called  permissi\e  hypercapnia) 
must  be  allowed  to  develop  if  targeted  alveolar  pressures  are 
to  be  maintiiined.  As  addressed  by  Neil  Machityre  in  this  Con- 
ference,"* permissive  hypercapnia  should  be  considered  a 
standard  of  care  in  all  settiuizs  in  which  maximal  alveolar 


pressure  targets  are  met.  Adverse  effects  of  elevated  CO:  are 
minimal,'"""'  but  more  concern  can  be  raised  regarding  pH 
and  the  lower  limit  of  acceptable  pH  in  a  given  patient.  It 
has  been  my  experience,  provided  no  primary  cardiovascular 
or  renal  problems  exist  and  sepsis  is  not  overwhelming,  that 
most  patients  are  not  adversely  affected  by  a  pH  of  7.20,  and 
in  some  cases,  less.  Avoidance  of  acute  reductions  in  pH  can 
be  achieved  if  hypercapnia  is  allowed  to  develop  gradually 
over  24  to  48  hours.'''-'" 

Prone  Positioning 

Although  the  subject  was  addressed  in  the  Discussions 
but  not  formally  presented  at  the  Conference,  I  exercise  the 
prerogative  of  the  summarizer  and  briefly  discuss  prone  posi- 
tioning in  acute  lung  injury.  Prone  positioning  is  not  indi- 
cated in  all  patients  requiring  ventilatory  support  and  is  as- 
sociated with  extubation,  loss  of  vascular  lines,  and 
hemodynamic  stability,  but  it  is  indicated  in  patients  with 
severe  oxygenation  deficits  and  ARDS.""^-  Many  have 
reported  dramatic  improvements  in  oxygenation  after  prone 
positioning,  due  to  redistribution  of  blood  flow  and  altered 
ventilation-perfusion  relationships  (V/Q).'"^'  Although  prone 
positioning  requires  careful  application,  it  should  be  con- 
sidered part  of  a  lung-protective  approach  to  managing 
patients  with  ARDS.  I  would  not  at  this  time  consider  prone 
positioning  a  standard  of  care  but  rather  a  useful  adjunct  to 
oxygenation  in  many  patients  with  ARDS. 

Ventilation-Oxygenation  Techniques 

The  largest  group  of  topics  presented  at  the  Conference 
addressed  techniques  for  assuring  optimal  ventilation  and 
oxygenation — encompassing  the  spectrum  from  highly  inva- 
sive (extracorporeal  gas  exchange)  to  noninvasive  (mask 
ventilation)  and  from  "recommended  as  a  standard  of  care 
in  all  settings"  (NIPPV)  to  "only  available  under  human- 
subject-approved  protocol"  (I VOX,  or  intravascular  oxy- 
genation). Indi\idual  ratings  of  these  techniques  are  listed 
in  Table  3. 

Extracorporeal  &  Intracorporeal  Gas  Exchange 

Three  separate  techniques — extracorporeal  membrane 
oxygenation  (ECMO),  extracorporeal  carbon  dioxide  removal 
(ECCO1R),  and  I  VOX — are  currently  considered  under  this 
heading.  It  is  unfortunate  that  in  adults  none  of  these  tech- 
niques can  be  recommended  for  widespread  use.  Both 
ECMO  and  ECCO^R  have  been  used  with  varying  success 
in  adults  on  a  limited  basis. ■♦•'■'^  In  my  opinion,  these  two 
techniques  should  be  relegated  to  regional  medical  centers 
w  here  sufficient  experience  can  be  accumulated  so  that  the 
high  morbidity  and  potential  mortality  associated  with  these 
techniques  can  be  minimized.  Some  still  question  whether 
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Table  3.      Rating  of  Techniques  for  Ventilator  and  Patient  Management 


Technique                  Benefit 

Ease 

Cost 

Risk 

Overall 
Total 

High-frequency 
ventilation  (HFV) 

2 

1 

1 

3 

7 

Tracheal  gas 
insufflation  (TGI) 

3 

1 

3 

I 

9 

Extracorporeal  membrane 
oxygenation  (ECMO) 

3 

1 

1 

1 

6 

Extracorporeal  CO2 
removal  (ECCOjR) 

3 

1 

1 

1 

6 

Intravascular  oxygenation 
(IVOX) 

2 

1 

1 

1 

5 

Airway  pressure  release 
ventilation  ( APR V) 

1 

3 

3 

3 

10 

Extended  inspiratory  time 

3 

3 

5 

1 

13 

Combined  pressure-  and 
volume-controlled 
ventilation 

4 

5 

5 

5 

19 

Pressiu'e-controlled 
ventilation  ( PC  V) 

4 

5 

5 

5 

19 

Noninvasive  positive 
pressure  ventilation 
(NIPPV) 

5 

4 

5 

5 

19 

ECMO  or  ECCO:R  should  be  used  in  adults."'''  IVOX  is 
highly  experimental  and,  I  believe,  should  be  employed  only 
under  experimental  protocol.  Preliminary  data  make  ques- 
tionable the  likelihood  of  this  technique's  being  used  exten- 
sively because  of  cost,  difficulty  in  use,  patient  risk,  and 
questionable  benefits.^'  ■** 

High-Frequency  Ventilation  (HFV) 

As  mentioned  earlier,  HFV  has  been  under  evaluation  for 
more  than  25  years;*"  however,  in  adults  it  has  never  demon- 
strated efficacy  greater  than  that  of  conventional  ventilation. 
In  pediatrics,  reasonable  data  suggest  that  high-frequency 
oscillation  be  considered  an  integral  part  of  the  care  of 
neonates.-"**  Art  Slutsky  indicated  that  HFV  is  the  ideal  lung- 
protective  approach  to  ventilation.-'  Pressures  generally  stay 
within  that  naiTow  band  considered  acceptable:  above  min- 
imal PEEP  level  but  below  maximal  peak  alveolar  pressure 
levels.  However,  when  all  of  the  randomized  studies  pre- 
viously published  are  reviewed,  outcome  with  HFV  in  adults 
is  no  different  froni  outcome  with  conventional  ventilation 
in  spite  of  the  fact  that  conventional  ventilation  in  these  stud- 
ies was  not  performed  with  lung-protective  strategies.'"-^" 
Pressures  and  volumes  used  were  clearly  greater  than  those 
considered  maximum  targets  today.  Until  HFV  can  be  shown 
to  result  in  outcomes  better  than  those  from  conventional  ven- 
tilation using  lung-protective  strategies,  it  must  be  consid- 


ered experimental,  and  in  my  opinion,  should  only  be  used 
during  controlled  trials. 

Tracheal  Gas  Insufflation  (TGI) 

TGI  has  been  described  since  the  early  1960s,'''  yet  it  has 
not  become  a  routine  component  of  patient  care  and  no  devices 
designed  to  apply  TGI  are  commercially  available.  Recent 
data""  suggest  that  TGI  may  be  useful  in  patients  in  whom 
hypercapnia  has  been  allowed  to  develop;  however,  the  only 
patient  data  available  to  date  is  in  patients  with  marginal  hyper- 
carbia  (<  60  ton-)  and  normal  inspiratory  times  (about  1 .0  s)." 
These  patients  clearly  do  not  define  the  sickest  population  of 
patients  in  whom  TGI  would  be  most  beneficial.  In  addition, 
TGI  is  not  without  problems.  Administration  of  continuous 
TGI  can  result  in  marked  increases  in  delivered  Vj,  peak  alve- 
olar pressure,  and  auto-PEEP,  causing  violation  of  the  pres- 
sure and  volume  targets.'-*  Expiratory-phase-only  TGI  over- 
comes many  of  these  problems,  as  does  volume-adjusted, 
continuous  TGI.  However  as  I  noted,  there  are  no  commer- 
cially available  products  to  administer  TGI.  Although  I  con- 
sider TGI  an  exciting  potential  adjunct  to  conventional  ven- 
tilation, it  must,  at  this  time,  be  considered  experimental  and 
be  used  only  under  strict,  experimental  protocols  approved 
by  institutional  review  boards. 

Extended  Inspiratory  Time  &  Airway  Pressure 
Release  Ventilation 

I  have  grouped  extended  inspiratory  time  (ti),  or  inverse 
I;E,  and  airway  pressure  release  ventilation  ( APRV)  together 
because  of  their  similarities.  However,  I  rate  their  use  dif- 
ferently, based  on  their  application.  The  primary  difference 
between  these  two  is  that  extending  ti  is  used  in  severe  ARDS 
for  purposes  of  oxygenation  and  is  applied  to  the  mechani- 
cally ventilated  patient  who  is  not  initiating  inspiration;" 
whereas,  APRV  has  been  considered  for  use  in  many  patient 
populations,  primarily  during  spontaneous  breathing.'^''  Of  con- 
cern with  APRV  is  the  patient  effort  necessary  to  breathe  at 
an  elevated  PEEP  level  (high  pressure  setting).'*  No  data  eval- 
uating patient  effort  during  APRV  are  available  at  this  time 
(1996).  Some  data  have  been  published  regarding  extended 
t],  all  of  which  shows  no  improvement  in  physiologic  vari- 
ables when  compared  with  conventional  ventilation  at  the  same 
PEEP  or  mean  airway  pressure.'^"  '**  In  spite  of  this,  I  rec- 
ommend the  use  of  extended  ti  in  ARDS  to  manage  oxy- 
genation, provided  no  auto-PEEP  develops  and  applied  PEEP 
is  set  above  the  inflection  range."  The  reason  for  this  is  the 
effect  that  extended  t|  has  on  oxygenation  without  produc- 
ing an  increase  in  peak  alveolar  or  end-expiratory  pressure. 
Under  such  conditions,  extended  t|  fits  nicely  into  a  lung-pro- 
tective approach  to  ventilation.  However.  I  can  only  recommcna 
the  use  of  extended  ti  in  this  limited  setting  when  patients  are 
not  breathing  spontaneously. 
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Combined  Pressure  &  Volume-Targeted  Modes 

Pressure  augmentation,  pressure-regulated  volume  con- 
trol, and  volume  support  combine  the  beneficial  effects  of  both 
volume-  and  pressure-targeted  approaches  to  ventilation.  Con- 
sidering the  inability  of  volume  ventilation  to  target  pressure 
and  to  provide  adequate  flow  to  meet  patient  demand. ^'^  these 
new  modes  provide  an  advantageous  alternative  to  classic  vol- 
ume ventilation.''"  It  is  my  interpretation  of  the  literature  and 
of  the  discussions  at  this  Conference  that  when  available,  these 
modes  should  be  used  in  preference  to  volume  ventilation. 
In  fact,  in  future  generations  of  mechanical  ventilators.  I  would 
abandon  classic  volume  ventilation  for  a  combined  pressure- 
and  volume-targeted  approach. 

Pressure  Control  N'entilation 


Nasal  mask  ■*- 


-*NIPPV- 


full  face  mask 


Endotracheal  ventilation 


'Weaning- 


NIPPV 


Spontaneous 
breathing 


Fig.  2.  A  flow  diagram  for  the  management  of  ttie  COPD  patient  in 
acute  exacerbation  with  NIPPV.  (IVIodified  from  Reference  53.) 


Much  literature  has  been  published''''"-^**  and  much  dis- 
cussion has  occurred  regarding  pressure  versus  volume  ven- 
tilation. However,  no  definiti\ e  ad\ antage  has  been  observed 
regarding  gas  exchange,  hemodynamics,  or  pulmonary 
mechanics  during  pressure  ventilation  in  acute  lung  injury. 
However,  pressure  ventilation  appears  to  be  the  ideal  mode 
to  use  with  a  lung-protective  approach  to  ventilatory  support. 
First,  it  allows  precise  targeting  of  maximum  peak  alveolar 
pressure;  and,  second,  as  the  lung  gets  smaller  or  stiffen  pres- 
sure ventilation  systematically  decreases  the  Vj  while  main- 
taining peak  alveolar  pressure.  Yes.  this  can  be  done  with  vol- 
ume ventilation,  but  it  requires  practitioner  intervention.  As 
a  result,  it  is  my  opinion  that  pressure  ventilation  should  be 
considered  a  standard  of  care  in  acute  respiratory  failure.  It 
is  now  widely  available,  cost-effective,  easy  to  use,  and  w  ith- 
out  significant  risk. 

Noninvasive  Positive  Pressure  Ventilation 

1  have  saved  the  best  for  last!  The  one  aspect  of  ventila- 
tory care  that  now  has  significant  support  from  prospective, 
nuillicentered,  randomi/ed.  controlled  studies  is  noninvasive 
positive  pressure  ventilation,  or  NIPPY.'""''  In  the  manage- 
ment of  the  COPD  patient  in  an  acute  exacerbation.  NIPPV 
must  be  considered  a  standard  of  care.  Laurent  Brochard's 
data'^  clearly  show  benefit  for  mortality,  morbidity,  and  cost. 
Although  the  data  regarding  its  use  during  extubation  are  lim- 
ited, our  anecdotal  experience  suggests  that  it  does  have  a  role 
in  this  .setting.  Figure  2,  modified  from  Elliott  and  Moxham,''- 
shows  the  role  of  NIPPV  in  the  management  of  COPD.  NIPPV 
should  be  a  part  of  the  routine  management  of  COPD  patients 
in  all palicnt  care  scttiniis. 

Pharmacology 

Three  specific  pharmacologic  agents  were  discussed  at  this 
Conference:  surfactant,  pertluorociubons  for  p;irtial  lic|uid  ven- 


tilation (PLV),  and  nitric  oxide  (NO).  All  of  these  agents  show 
some  promise  in  the  management  of  patients  with  acute  lung 
injury/ARDS.  but  all  must  be  considered  experimental.''-"'' 
Each  presents  with  its  own  unique  problems  regarding  tech- 
nical application:  each  is  costly:  and  each  is  associated  with 
patient  risk  (Table  4).  At  this  stage  in  the  experimental  eval- 
uation of  these  techniques,  it  is  difficult  to  determine  whether 
any  of  them  will  positi\ely  affect  outcome.  No  data  to  indi- 
cate such  are  available  to  date.  We  must  await  the  comple- 
tion of  outcome  studies  before  an>'  of  these  agents  can  be  con- 
sidered part  of  standard  care. 

Tafile  4.      Rating  ot  Pharmacologic  .-Adjuncts  to  the  Management  ol 

Acute  Lung  Injury  and  Acute  Respiratory  Distress  Syndrome 


Adjunct                     Benefit 

Ease 

Cost 

Risk 

Overall 
Total 

Surfactant                             2 
Partial  liquid  \entilation        2 
Nitric  oxide                           2 

2 
2 
2 

1 

1 
1 

5 
4 
4 

10 

y 

9 

In  Conclusion 

The  papers  associated  with  this  Conference  should  pro- 
vide valuable  information  to  guide  the  clinician  in  the  ven- 
tilatory management  of  a  w  idc  spectrum  of  patients.  How- 
ever, only  a  few  of  the  techniques  discussed  (Table  5)  should 
be  considered  as  standards  of  care  to  be  applied  across  all  insti- 
tutions in  which  ventilatt)ry  support  is  pro\ided.  At  the  top 
of  this  li.st  is  NIPPV.  v\,hich  clearly  shows  improved  outcome. 
Although  I  consider  them  standards  of  care,  the  other  tech- 
niques and  management  approaches  listed  in  Table  5  are.  un- 
fortunately, not  supported  by  the  same  level  of  rigorous  in- 
vestigation that  supports  NIPPV.  Finally,  the  overriding  theme 
of  this  Conference — which  should  be  the  overridimz  rule  for 
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all  approaches  to  ventilatory  support — is  to  always  apply 
mechanical  ventilation  in  a  lung-protective  manner. 

Table  5.     Techniques  or  Management  Approaches  Considered  To  Be 
Standard  of  Care 


Noninvasive  positive  pressure  ventilation 

Lung-sparing  approach  to  ventilatory  support 

Use  of  minimum  PEEP  in  acute  lung  injury 

Use  of  a  maximum  alveolar  pressure  target 

Use  of  combined  pressure-  and  volume-targeted  approaches  to 

ventilation 
Pressure  control  ventilation 
Permissive  hypercapnia 
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Chest  Injury  following  a  Motor  Vehicle  Crash 

Charles  G  Durbiii  Jr  MD 


A  47-year-old  obese  woman  driving  a  Volkswagen  "bee- 
tle" was  involved  in  a  head-on  collision  with  a  larger  auto- 
mobile at  moderate  speed  (25  miles/h).  She  was  wearing  a 
seat  belt  but  broke  the  steering  wheel  in  the  impact.  Her  vital 
signs  were  stable  at  the  accident  scene.  She  was  immobilized 
on  a  long  spine  board  and  transported  by  helicopter  to  the  hos- 
pital emergency  room. 

Upon  arrival,  her  vital  signs  were  blood  pressure  80/45  mm 
Hg  on  her  right  arm.  pulse  1 22  beats/min.  and  spontaneous 
breathing  rate  of  23  breaths/min.  She  was  complaining  of  dif- 
ficulty breathing,  but  her  chest  was  clear  to  auscultation.  Fluid 
resuscitation  was  begun,  and  tracheal  intubation  was  accom- 
plished to  protect  her  airway.  Her  vital  signs  responded  to  the 
infusion  of  fluids,  with  her  pulse  declining  to  100  beats/min 
and  blood  pressure  rising  to  140/80  mm  Hg. 

She  had  a  bruise  on  her  lower  sternum  and  was  tender  to 
palpation  only  over  the  sternum.  There  was  no  paradoxical 
chest  movement,  and  her  heart  sounds  were  crisp  and  clear. 
No  tracheal  deviation  or  neck  vein  distention  was  seen.  Her 
right  leg  was  deformed,  and  she  had  an  open  laceration  over 
her  right  knee.  She  was  awake  but  sedated  and  was  able  to 
move  all  extremities  and  to  ansv\'er  questions  by  mouthing 
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words  and  using  hand  signals.  She  complained  only  of  pain 
in  her  mid-to-upper  abdomen  and  lower  chest.  Bowel  sounds 
w  etc  normal  and  elicited  no  guarding  or  tenderness.  Her  past 
medical  history  included  prolonged  steroid  use  for  systemic 
lupus  erythematosus. 

Blood  was  drawn  for  laboratory  evaluation  and  an  elec- 
trocardiogram was  obtained.  Her  supine  chest  radiograph  is 
shown  in  Figure  I. 


Fig.  1 .  Supine  anteroposterior  chest  radiograph  of  obese  woman 
involved  in  a  head-on  motor-vehicle  collision. 


How  would  you  answer  these  questions"? 


I.  What  are  the  radiographic  findings? 


2.  What  diagnostic  procedure  is  indicated? 


Answers  and  discussion  next  page 
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Radiographic  Findin)»s.  Tlie  anteroposterior  (AP)  chest  radio- 
graph shovvs  the  endotracheal  tube  in  good  position,  lying 
approximately  4  centimeters  above  the  carina.  The  heart  is 
large  and  globular,  occupying  more  than  half  the  thoracic  width 
(normal  cardiothoracic  ratio  is  <  0.5' ).  A  nasogastric  tube  is 
in  place,  and  its  tip  can  be  seen  just  below  the  diaphragm  with 
no  displacement  from  its  usual  position.  The  apical  cap  in  the 
left  lung  field  suggests  pleural  or  mediastinal  bleeding.  The 
mediastinal  shadow  is  wide,  and  its  edge  is  indistinct:  the 
descending  aorta  is  obscured.  Both  hemidiaphragms  ive  cle;irly 
seen.  No  rib  fracttires  are  app;irent  but  artifacts  from  the  back- 
board and  the  patient's  brassiere  are  seen. 

The  major  life-threatening  consideration  in  this  patient  was 
the  possibility  of  aortic  transection.-  Untreated  traumatic  aor- 
tic rupture  can  often  lead  to  a  lethal  outcome  within  several 
weeks  of  occurrence.'  Clinical  findings  in  aortic  transection 
include  a  systolic  murmur  over  the  precordium,  voice  change 
(from  injury  or  pressure  on  the  left  recurrent  laryngeal  nerve), 
hypertension  in  the  upper  extremities  (or  different  blood  pres- 
sures in  each  arm),  and  weakness  and/or  hypotension  in  the 
lower  extremities.  Of  these,  she  had  only  hypertension  in  the 
upper  extremities.  Although  no  blood-pressure  values  for  her 
leg  were  reported,  femoral  pulses  were  said  to  be  ■4-t-" — ie, 
very  strong. 

Radiographic  findings  that  suggest  aortic  rupture  on  an 
upright  posterior-anterior  (PA)  film  include  widened  medi- 
astinum, bluixing  of  the  mediastinal  boarder,  indistinct  aor- 
tic knob,  rightward  deviation  of  the  esophagus,  apical  cap- 
ping, downward  displacement  of  the  right  mainstem 
bronchus,  obliteration  of  the  clear  space  between  the  aor- 
tic knob  and  left  pulmonary  artery,  displacement  of  the  left 
paraspinous  margin,  and  associated  first  or  second  rib  frac- 
tures."' Because  several  of  these  signs  were  present  on  the 
supine  AP  radiograph,  a  more  complete  diagnostic  workup 
was  indicated. 

Diagnostic  Techniques.  The  usual  diagnostic  procedure  to 
identify  an  aortic  rupture  is  an  aortic-arch  arteriogram;  how- 
ever, ultrasound  e\aluation  and  computed  tomography  (CT) 
scanning  c;in  be  sensitive  in  diagnosing  this  injui'y  .^^  Because 
her  vital  signs  were  then  stable,  a  CT  scan  of  the  chest  was 
pcrt'ormed  to  examine  the  aorta,  with  a  follow-up  arteriogram 
planned  if  the  results  of  the  CT  scan  caused  any  suspicion 
of  aortic  tear.  Two  representative  CT  images  are  shown  in 
Figure  2. 

A  m(xierate  amount  of  tluid  is  seen  in  the  right  pleural  space 
and  a  small  amount  in  the  left:  the  aorta  is  intact:  and  no  peri- 
cartlial  lluid  is  seen.  The  CT  images  show  lung  tissue  herniated 
into  the  soft  tissues  through  a  traumatic  chest-wall  defect, 
between  the  sternum  and  rib  insertions.  When  the  patient  was 
re-examined,  a  soft,  compressible  lO-cm  mass  could  be  pal- 
pated just  to  the  right  of  the  sternal  border.  There  was  no  pain 
or  tenderness  a.ssociated  with  palpation  and  no  crepitus  or  evi- 
dence of  subcutaneous  air. 


Fig.  2.  Two  views  from  a  thoracic  CT  (computed  tomography) 
scan.  These  images  should  be  viewed  as  though  the  viewer  were 
standing  at  the  foot  of  the  patient  who  is  lying  in  the  supine  posi- 
tion. The  top  of  the  image  is  the  anterior  chest  wall,  and  the  bottom 
is  the  posterior  chest  wall.  On  the  viewer's  right,  is  the  patient's  left 
chest,  and  on  the  viewer's  left  is  the  patient's  right  chest. 


Discussion 

Herniation  of  the  lung  through  the  chest  wall  is  occasionally 
seen  after  thoracic  surgery** '"  or  severe  coughing"  but  is  rare 
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following  chest  trauma.'-'^  Lung  tissue  most  frequently  pro- 
trudes through  an  intercostal  space  or  above  the  cla\  icle  in 
the  neck.  In  this  patient,  the  herniation  occured  through  a  defect 
created  by  stemal-costochondral  separation.  The  major  prob- 
lem resulting  from  lung  herniation  is  that  the  lung  becomes 
strangulated  and  devitalized.  This  leads  to  infarction,  with  loss 
of  gas  exchange  and  the  increased  potential  for  infection.  Most 
cases  of  intercostal  lung  herniation  are  treated  w  ithoLit  surgery. 
The  herniated  lung  is  returned  manually  into  the  thorax,  and 
the  defect  is  reinforced  with  bandages.  In  severe  cases,  rib 
re-approximation  is  accomplished  with  sutures,  or  the  defect 
is  obliterated  with  synthetic  material. 

Lung  herniation  is  usually  a  clinical  diagnosis.  Protrusion 
of  lung  tissue  is  often  undetected  on  routine  radiographs.''' 
In  retrospect,  a  shadow  representing  the  herniated  lung  can 
be  seen  on  the  initial  radiograph  ( Fig.  I ).  This  was  overlooked 
by  the  caregivers  and  the  radiologist  during  the  initial  exam- 
ination, and  the  patient's  obesity  made  the  physical  exami- 
nation less  revealing. 

Only  one  other  case  of  post-traumatic,  parasternal  herni- 
ation has  been  reported  in  the  English-language  literature.^ 
In  both  cases,  the  patients  were  moderately  obese  and  driv- 
ing, restrained  by  seat  belts,  during  the  events.  Neither  patient 
had  significant  intrathoracic  injury.  The  herniation  was  not 
appreciated  on  the  initial  examination  or  radiograph  in  either 
case.  In  the  previously  reported  patient,  the  diagnosis  was 
delayed  until  10  days  after  the  accident  when  signs  of  lung 
infarction  were  present,  whereas  the  condition  was  identified 
only  incidentally  on  a  CT  scan  in  this  patient.  This  may  have 
been  due  to  the  fact  that  the  patient  was  intubated  and  receiv- 
ing positive  pressure  ventilation  at  the  time  of  the  CT  scan, 
thus  making  the  herniated  portion  of  lung  larger.  Late  diag- 
nosis with  lung  infarction  resulted  in  the  need  for  partial  lung 
resection  in  the  previously  reported  case.  An  additional  risk 
factor  in  the  patient  reported  here  was  the  chronic  use  of 
steroids.  The  connective-tissue-weakening  effects  of  steroid 
use  are  well  know  n  and  may  have  contributed  to  the  costo- 
chondral  separation  experienced  by  this  patient. 

Treatment 

On  the  second  day  after  the  injury,  the  patient  underwent 
operative  exploration.  An  incision  was  made  anteriorly  over 
the  area  of  herniation.  The  lung  was  seen  to  be  viable  and  was 
returned  to  the  thorax  w  ith  aid  of  lung  deflation  by  the  anes- 
thesiologist. The  chest-wall  defect  was  closed  with  wires 
through  the  separated  rib  ends  and  the  sternum.  The  patient's 
postoperative  course  was  uneventful.  .She  was  weaned  from 
mechanical  ventilation  within  24  hours,  underwent  operative 
repair  of  a  comminuted  supracondylar  femoral  fracture  and 


tibial  plateau  fracture  on  the  sixth  day  following  injury,  and 
was  discharged  to  a  rehabilitation  facility  on  the  tenth  day. 
She  had  no  pulmonary  complaints  and  no  identifiable  resid- 
ual chest-wall  defect  when  seen  in  clinic  6  months  later.  She 
continues  to  experience  difficulty  walking  because  of  the 
femoral  injury. 

In  summary,  this  is  the  second  reported  case  of  traumatic 
costostemal  lung  herniation.  Although  the  herniated  lung  was 
visible  on  the  initial  chest  radiograph,  it  was  overiooked  and 
later  identified  on  subsequent  thoracic  CT  scan.  Treatment 
was  operative  reduction  and  repair  of  the  chest-wall  defect. 
Persons  most  at  risk  of  traumatic  lung  herniation  may  be  over- 
weight, seat-belt-restrained  drivers  involved  in  head-on  col- 
lisions. Early  detection  and  repair  may  reduce  the  incidence 
of  lung  infarction  and  prevent  the  loss  of  lung  tissue. 
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Phantom  of  the  Night:  Overcome  Sleep 
Apnea  Syndrome  and  Snoring — Win 
Your  Hidden  Struggle  lo  Breathe,  Sleep, 
and  I-ive.  Second  Edition,  by  TS  Johnson 
MD  iind  J  HalbeiMadt.  with  foi^word  by  WC 
Dement,  MI3,  Chairman  of  the  National 
Commission  on  Sleep  Disorders  Research 
and  Introduction  by  CE  Sullivan,  MD.  Soft 
cover,  illustrations  and  graphs,  172  pages. 
Cambridge  MA:  New  Technology  Pub- 
lishing Inc.  1995,  .$29.9.'i. 

The  National  Commission  on  Sleep  Dis- 
orders Research  identified  sleep  disorders 
as  the  number  one  contributor  to  the  lives 
and  dollars  lost  secondary  to  fatigue.  Obstruc- 
tive sleep  apnea  accounts  for  a  majority  of 
sleepy  Americans,  approxiinately  407c  of 
commercial  uiicking  accidents,  and  die  loss 
of  4, 100  lives,  1 2.0(K)  injuries,  and  millions 
of  dollars  in  direct  and  indirect  costs  each 
year.  This  book  is  intended  to  educate  those 
who  suffer  froin  obstructive  sleep  apnea  syn- 
drome (OSAS),  their  families,  friends,  and 
employers.  Jerry  Halberstadt  is  an  OSAS 
patient  who  spent  many  frustrating  years 
undiagnosed  and  dien  failed  treatment  before 
successfully  conquering  his  apnea.  Dr  Scott 
Johnson  is  a  pulmonologist.  reseiircher,  and 
clinician  in  the  field  of  sleep  disorders.  Their 
combination  of  personal-patient  and  med- 
ical-scientific information  make  this  text  ap- 
propriate for  health-care  professionals  and 
ihc  iiilcnded  lay  audience.  The  Forewtird  bv 
Dr  Dement  and  the  Introduction  Dr  Sulli- 
van sumuKirize  the  enomiity  of  the  problem 
of  OSAS  supported  by  scientific  data  from 
the  National  Commission  on  Sleep  Disor- 
ders Research.  Dr  Sulli\;ui's  comments  about 
his  mother's  snoring  and  death  preview  the 
book's  personal  focus:  "In  July  1967, 1  was 
awoken  by  tlie  silence  at  5:(X)  .XM,  It  was  rare 
for  me  to  awtiken  so  earh .  1  founil  her  dead." 

Chapter  I.  "Learning  to  Breathe,  Sleep, 
and  Live,"  is  a  patient-to-patient  discussion 
of  Mr  Halberstadt's  struggle  to  function 
before  diagnosis,  his  challenges  after  diag- 
nosis, and  finally  his  reco\eiy.  He  does  not 
belabor  the  'poor  me'  aspect  but  states  facts, 
lists  his  symptoms,  discusses  the  conse- 
quences of  remaining  unO'cated.  and  defines 
barriers  lo  successful  treatment.  He  com- 
municates to  the  intended  readers  in  the  first 
person.  He  prefaces  each  succeeding  chap- 


ter with  a  personal  note  and  anecdotes  relat- 
ing to  tlie  subjects  covered.  Chapter  2  defines 
nomial  sleep  and  sleep  staging  in  layman's 
temis.  Chapter  3  not  only  defines  disrupted 
sleep  usually  associated  with  OSAS  but  afso 
provides  a  questionnaire  for  readers  to  assess 
their  sleepiness/fatigue  and  potential  for  sleep 
apnea.  The  authors  reprint  the  questionnaire 
on  page  167  and  give  permission  for  it  to  be 
reproduced  and  used  for  "anyone  who  may 
have  sleep  apnea  syndrome."  Chapter  4  iden- 
tifies anatomic  and  physiologic  aspects  of 
OSAS  and  the  medical  consequences  of 
untreated  OSAS  and  snoring. 

Readers  who  work  in  sleep  centers  and 
frequently  encounter  patients  who  have  no 
idea  what  to  expect  will  be  pleased  with 
Chapter  5.  "Testing  How  'Vou  Sleep,"  It  ex- 
plains procedures  u.sed  in  polysomnogra- 
phy. The  average,  sleepy  OSAS  patient  may 
have  difficulty  reading  all  of  this  chapter, 
but  the  patient  is  likely  to  still  be  more  in- 
fomied  than  most  patients  entering  the  sleep 
center  or  being  studied  at  home.  Each  vari- 
able commonly  recorded  during  polysom- 
nography (ie,  brain  waves,  airflow,  effort, 
heart  beat,  oxygen)  is  described  in  the  text 
and  illustrated  graphically.  Students  and 
technologists  who  are  considering  working 
at  a  sleep  center  and  physicians  who  have 
not  visited  a  sleep  center  will  find  this  chap- 
ter enlightening.  A  summary  of  the  indi- 
vidual descriptions  of  recorded  \ariables 
with  a  drawing  or  photo  of  a  patient  fully 
prepared  for  a  sleep  study  might  strengthen 
this  chapter. 

The  "symphony  of  sleep"  is  a  good 
metaphor  for  the  sleep  cycles  normally  pre- 
sent in  a  healthy  individual  and  is  used  well 
in  Chapter  6.  "Understanding  Your  Sleep 
Report,"  to  explain  the  "discord"  of  sleep 
dismpted  by  OSAS.  Again,  as  in  the  pre\  ious 
chapter,  the  reader/patient  may  have  diffi- 
culty with  the  graphics,  particularly  the  his- 
tograms, but  they  are  well  supponed  in  the 
text  and  the  health-care  practititiner  will  find 
this  a  good  introduction  to  the  reporting  for- 
mats of  sleep  pathology  and  particularly 
OSAS.  Chapter  7  describes  continuous  pos- 
itive airway  pressure  (CPAP)  and  how  it 
works.  It  also  explains  bi-level  ventilation, 
ramping,  and  other  techniques.  Appendix 
D  supports  this  chapter  with  actual  photo- 
graphs of  several  nasal  CP.AP  units  and 


ma.sk/nasal  pillow  options  and  a  chart  show- 
ing various  options  for  several  makes  and 
models  of  CPAP  and  bi-level  units.  Chap- 
ter 8,  "Making  CPAP  Work  for  You."  is 
probably  one  of  the  most  important  chap- 
ters in  the  book  from  a  patient's  point  of 
view.  It  discusses  most  of  the  pracUcal  issues 
and  problems  associated  with  nasal  CPAP 
use.  Perceived  difficulty  and  inconvenience 
of  U^avel  with  a  nasal  CPAP  unit  can  encour- 
age noncompliance.  This  chapter  does  a 
good  job  of  explaining  the  many  issues  and 
solutions  to  OSAS  involved  in  everyday  life, 
including  a  chart  to  calculate  battery  usage 
while  camping.  Appendix  B  supplements 
this  chapter  with  an  Information  card  and 
emergency  medical  card,  which  readers  are 
given  permission  to  copy  and  carry  with 
them.  This  card  might  be  pro\  ided  to  patients 
by  home  care  companies  and  physicians 
because  it  documents  positive  airway  pres- 
sure treatment  type  and  prescribed  pressure, 
which  parienLs  rarely  remember  when  admit- 
ted for  surgery  or  emergency  care.  Other 
common  medical  and  practical  issues  asso- 
ciated with  nasal  CPAP  use  are  discussed, 
including  tips  on  how  to  deal  with  insurance 
companies.  Because  costs  can  be  a  strong 
factor  in  noncompliance,  this  is  a  worthwhile 
inclusion.  Other  options  for  treatment  are 
discussed  in  Chapter  9.  and  Chapters  10  and 
1 1  are  summarized  with  action  plans  to 
assess  sleepiness  and  potential  for  OSAS. 
.seek  diagnosis  and  treatment,  assess  recov- 
ery, and  find  support. 

Appendix  A  is  a  directory  of  organi- 
zations, manufacturers,  and  home  care  com- 
panies. Readers  are  encouraged  to  photo- 
copy Appendix  B  and  provide  it  to  their 
health-care  providers.  The  appendix  des- 
cribes special  considerations  of  ainvay  man- 
agement in  treating  a  patient  w\lh  OSAS  ;ind 
provides  the  patient  with  indications,  such 
as  the  placement  of  an  intravenous  line  so 
that  sedation  may  be  used  and  information 
about  sedatives  that  may  compromise  the 
airway  during  certain  procedures.  The  per- 
mission to  phottK'opy  the  Ap[iendix  and  pro- 
vide it  to  health-care  professionals  reinforces 
this  book's  repeated  encouragement  for 
patients  to  take  an  active  role  in  their  care 
and  treatment. 

The  four-page  bibliography  contains  a 
wealth  of  references  for  both  the  patient  and 
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professional  reader  who  wish  to  continue 
education  in  sleep  medicine.  The  index  and 
glossary  provide  easy  references  for  patients 
progressing  through  diagnosis  and  treatment 
and  may  be  used  to  review  sections  that  p;u- 
allel  a  patient's  specific  needs.  The  health- 
care professional  seeking  to  provide  infor- 
mation and  support  to  a  patient  may  also 
find  the  index  and  glossary  helpful.  Inter- 
net and  World  Wide  Web  information 
sources  are  listed  for  up-to-date  informa- 
tion and  interaction. 

As  a  health-care  professional  working 
in  sleep  medicine  for  more  than  10  years, 
I  can  intimately  identify  with  the  'black 
hole'  of  knowledge  about  fatigue  and,  par- 
ticularly, the  identification,  treatment,  and 
follow  up  of  OSAS  patients.  Patient/author 
Halbeistadi  best  states  this  book's  purpose 
in  Chapter  One. 

Our  mission  is  to  help  bridge  the  gap 
between  scientific  medicine  and  the  peo- 
ple whose  lives  it  could  transform.  The 
purpose  of  this  book  is  to  help  you,  the 
reader,  work  with  your  doctor  to  deter- 
mine if  you  have  sleep  apnea  syndrome, 
to  obtain  ;i  diagnosis,  and  to  seek  treat- 
ment and  rehabilitation  using  appropri- 
ate medical,  professional,  personal,  fam- 
ily, and  community  resources. 

The  text  is  easy  to  read  for  the  average 
patient.  Although  well  above  the  fifth  grade 
reading  level  suggested  for  patient  educa- 
tion material.  Phantom  of  the  Night  accom- 
plishes its  mission.  It  covers  the  primary 
aspects  of  diagnosis  and  treatment  of  OSAS 
and  the  risks  associated  with  remaining 
untreated.  Health-care  professionals  will  find 
it  equally  easy  to  read  and  will  likely  glean 
more  from  the  scientific  wntings.  graphs.  ;md 
chiuls  than  the  lay  reader.  There  is  more  sci- 
entific, clinical,  and  practical  infomiation  for 
the  health-care  professional  in  Phantom  of 
the  Night  than  is  provided  in  all  but  a  small 
percentage  of  medical,  respiratory,  and  nurs- 
ing schools.  As  the  title  suggests,  OSAS  is 
insidious  and  frequently  unrecognized  and 
untreated.  Sleepy  OSAS  patients  endanger 
themselves  and  others.  I  suggest  Phantom 
of  the  Night  as  required  reading  for  all  res- 
piratory care  practitioners  (RCPs)  and  pri- 
mary care  and  pulmonary  physicians  who 
do  not  already  possess  extensive  training  in 
sleep  medicine.  RCPs  cross-training  in  sleep 
centers  and  home  care,  graduate  RCPs.  and 
RCP  and  nursing  students  will  find  this  inex- 
pensive text  equally  helpful  and  likely  rec- 


ommend it  to  patients.  The  book  would  be 
a  good  addition  to  physician  and  sleep  cen- 
ter libraries  and  waiting  rooms.  The  ques- 
tionnaire, emergency  information  cards,  and 
other  forms  which  readers  are  encouraged 
to  copy  could  become  useful  educational  and 
diagnostic  tools. 

Pamela  Minltley  CPFT  RRT  RPSGT 

Technical  and  Education  Coordinator 

Michigan  Capital  Healthcare 

SleepAVake  Center 

Lansing,  Michigan 


Respiratory  Illness  in  Children  by  PD  Phe- 
lan.  A  Olinsky.  and  CF  Robertson.  Hard- 
cover, illustrated.  414  pages.  Oxford.  Black- 
well  Scientific  Publications.  1994.  $125. 

Respiratory  Illness  in  Children  is  a 

fourtli  edition  publication.  The  authors  clearly 
state  that  their  aim  is  to  "..  .present  a  com- 
prehensive account  of  illnesses  affecting  the 
respiratory  tract  of  children..."  placing 
emphasis  on  ". .  .epidemiology,  physiology 
and  psychosocial  factors  in  the  disease." 
They  have  met  their  goals  in  this  well-ref- 
erenced book  covering  many  illnesses  and 
diseases  affecting  pediatric  patients. 

The  initial  chapter  is  a  comprehensive 
review  of  lung  growth  and  development. 
The  authors  use  illustrations  to  expound  the 
topic.  Chapter  2  on  neonatal  lung  diseases 
cover  several  distinct  illnesses  from  meco- 
nium aspiration  to  persistent  fetal  circula- 
tion. The  authors  include  individual  sections 
on  clinical  presentation,  management,  clin- 
ical findings,  and  radiographic  appearance 
as  warranted  by  each  particular  disease. 
Radiographs  to  illustrate  different  patterns 
of  disease  are  included  not  only  in  this  chap- 
ter but  throughout  the  book. 

The  next  three  chapters  review  not  sin- 
gle di.seases.  but  five  clinical  categories  that 
are  identified  and  covered  individually. 
These  are  upper  respiratory  tract  infection, 
croup  and  epiglottitis,  acute  bronchitis,  acute 
bronchiolitis,  and  pneumonia.  The  authors 
thoroughly  cover  infecting  agents,  host  fac- 
tors, and  environmental  factors.  In  addition, 
this  chapter  discusses  respiratory  illnesses 
and  prevention  in  developing  countries.  The 
next  chapter  presents  the  same  illnesses,  this 
time  from  a  clinical  perspective,  including 
diagnosis,  management,  and  etiology.  The 
division  of  the  information  regarding  the 
same  disease  into  two  separate  chapters  is 


somewhat  difficult  to  follow  and  forces  the 
reader  to  look  in  more  than  one  area  for 
complete  information  regarding  a  particu- 
lar disease. 

1  especially  enjoyed  the  chapter  on  res- 
piratory noises.  The  authors  divided  the  chap- 
ter into  distinct  respiratory  noises  and  pre- 
sented diseases  as  they  relate  to  the  sounds. 
WTneezes  are  explained  by  pathophysiology. 
The  authors  cover  the  clinical  significance 
of  wheezes  in  several  illnesses,  such  as  acute 
viral  bronchiolitis,  asthma,  obliterative  bron- 
chiolitis, foreign  body,  tracheomalacia,  and 
tracheal  webs.  The  authors  do  an  excellent 
job  of  illustrating  'all  that  wheezes  is  not 
asthma,'  by  covering  many  other  potential 
sources  of  wheezing.  The  pathophysiology 
of  stridor  incorporates  several  anatomic 
defects  including  hem;ingionia  of  the  larynx, 
foreign  bodies,  laryngeal  webs,  and  tracheal 
stenosis.  The  authors  treat  and  explain  each 
as  an  individual  entity  covering  everything 
from  management  to  treatment  options. 

Asthma  generated  two  distinct  chapters 
in  this  reference  book,  one  on  pathophys- 
iology and  epidemiology  and  a  second  chap- 
ter on  clinical  patterns.  Both  chapters  are 
informative  and  logically  arranged.  Under 
pathogenesis,  the  author  reviews  allergen 
exposure,  exercise-induced  bronchospasm, 
viral  infections,  nocturnal  asthma,  and 
weather-induced  wheezes.  Clinical  patterns 
and  complications  are  discussed  and  a  de- 
tailed section  included  on  the  management 
of  the  child  and  his  family,  emphasizing  that 
treatment  may  involve  more  than  just  the 
patient.  Formal  education  warranted  only 
one  paragraph  and  emphasized  the  role  of 
the  physician  in  the  education  of  the  patient 
and  family. 

The  only  other  single  disease  that  mer- 
ited a  complete  chapter  is  cystic  fibrosis. 
Because  it  is  a  disease  that  impacts  many 
organ  systems,  the  devotion  of  a  complete 
chapter  was  a  logical  decision.  The  authors 
do  m;ike  a  point  that  the  treatment  of  this  dis- 
eases is  best  handled  in  a  niullidisciplinai'y 
team  approach.  Because  I  work  closely  with 
the  local  Cystic  Fibrosis  Clinic  and  am  in- 
volved in  family  education  and  support  in 
addition  to  the  diagnositic  testing  of  patients 
in  our  clinic,  I  would  like  to  see  respiratory 
therapists  listed  as  integral  members  of  the 
team.  On  page  208,  the  authors  include  a  con- 
cise table  of  organ  involvement  in  CF  that 
provides  a  good  summary  of  organs,  patho- 
genesis, clinical  manifestations,  onset,  and 
frequency,  making  it  an  excellent  general 
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guideline  and  overview  for  health-care  pro- 
fessionals not  familiar  with  cystic  fibrosis. 
I  was  disappointed  in  this  chapter  because 
it  did  not  address  the  flutter  valve — a  tech- 
nique our  center  has  found  valuable. 

This  is  a  book  on  respiratory  diseiises.  ;ind 
I  commend  the  authors  for  including  the 
manifestations  of  cystic  fibrosis  on  the  other 
important  organ  systems.  They  covered  gas- 
iro-inlesinial  complications  thoroughly.  Tlie 
authors  also  had  the  insight  to  cover  two 
other  important  therapies  now  offered  to 
patients  with  cystic  fibrosis:  lung  trans- 
plantation, increasing  in  popularity,  and 
DNase.  a  new  phamiacologic  therapy.  The 
authors  covered  the  current  research  in  gene 
therapy  and  their  thoughts  about  the  increas- 
ing survival  rates  of  cystic  fibrosis  patients. 

A  complete  chapter  is  devoted  to  tuber- 
culosis. Many  radiographs  and  diagrams 
showing  distinct  patterns  of  involvement  are 


contained  in  this  section.  Phamiacologic  ther- 
apy is  also  extensively  covered.  The  chap- 
ter on  lung  involvement  in  human  immun- 
odeficiency virus  (HIV)  was  written  by 
Robert  B  Mellins  Mf:)  and  Walter  E  Berden 
MD.  The  authors  included  many  radiographs 
and  CAT-scans  to  show  the  disease  patterns 
in  HIV  infection.  The  final  two  chapters  were 
devoted  to  tumors  and  congenital  mallor- 
mations.  Very  precise  drawings  and  radio- 
graphs were  contained  in  this  chapter. 

The  chapter  on  sleep-related  disorders 
was  short  but  concise.  The  authors  managed 
to  cover  the  physical  defects  and  their  impact 
on  physiology.  Nasal  continuous  positive 
airway  pressure  therapy  was  presented  in 
this  chapter.  A  good  deal  of  infomiation  was 
included  on  alveolar  hypoventilation,  and 
particularly  congenital  central  hypoventi- 
lation syndrome.  The  autliors  discussed  long 
tenn  mechanical  ventilation  options  and  pre- 


sented the  pros  and  cons  for  negative-  ver- 
sus positive-pressure  ventilation.  Impact  on 
the  family  unit  in  terms  of  increased  care 
and  emotional  costs  were  also  covered. 

Overall  tliis  is  a  concise  and  complete  ref- 
erence manual  on  pediatric  respiratory  ill- 
nesses. It  is  fairly  easy  to  read  despite  the 
fragmentation  of  information  related  to  indi- 
vidual diseases  that  was  spread  throughout 
different  chapters.  Many  useful  graphs,  illus- 
trations and  photographs  are  presented.  1 
especially  enjoyed  the  chapters  on  sleep 
related  disorders  and  respiratory  noises.  This 
reference  book  would  be  a  useful  addition 
to  any  library. 

Teri  Nikolai  Wilson  RPFT  RRT 

Respiratory  Therapist 

Deparlment  of  Respiratory  Care 

The  Children's  Medical  Center 

Davton.  Ohio 
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New  Products 
&  Services 


Carbon  Monoxide  Detector. 

Bedfont  Scientific  Ltd  releases  a  com- 
pact carbon  monoxide  (CO)  detector — 
Micro  II  Smokerlyzer®.  The  analyzer 
detects  exhaled  CO  and  gives  clear  ev- 
idence of  your  patient's  ciinent  smok- 
ing and  the  extent  to  which  the  patient 
smokes.  According  to  the  company, 
after  15  seconds  of  breathing  into  a 
cardboard,  disposable  mouthpiece,  the 
analyzer  provides  a  direct  readout  ot 
CO  in  parts  per  million  (ppm).  The  con- 
version to  COHb%  is  quickly  available. 
A  printed  record  of  the  test  can  be  pro- 
duced using  the  battery-powered  Bed- 
font  Smokerlyzer®  DP300  Digital 
Printer.  For  information  from  the  com- 
pany, circle  number  186  on  the  read- 
er service  card. 


Radiographic  Technology.  Fuji 
Medical  Systems  U.S.A.  Inc  introduces 
the  FCR  950 1 ES  upright  image  read- 
er that  combines  energy  subtraction 
technology  and  computed  radiography. 
The  new  reader  allows  physicians  to 
see  either  bone  only  or  tissue  only  and 
a  standard  digital  x-ray.  Fuji  claims  that 
the  energy  subtraction  unit  uses  2  im- 
aging plates  separated  by  a  copper  fil- 


ter to  capture  both  low-energy  and 
high-energy  image  signals  in  a  single 
exposure.  A  subtraction  process  and 
a  noise  reduction  algorithm  are  used 
to  provide  the  different  images.  In  ad- 
dition, the  reader  can  process  up  to  1 20 
imaging  plates/hour.  The  unit  provides 
rapid  image  capturing  and  the  possi- 
ble elimination  of  repeat  exams  while 
potentially  reducing  the  radiation  dose 
for  patients.  For  details  from  Fuji  Med- 
ical Systems,  circle  reader  service  card 
number  187. 


Pediatric  Emergency  Cart.  Ann- 
strong  Medical  Industries  Inc  releases 
A-Smart®  ColorCode®  Pediatric 
Emergency  Cart,  .^ccording  to  Arm- 
strong, the  cart's  9-drawer  design  fea- 
tures a  color  code  that  correspond  to  the 
Broselow/Hinkle"  Pediatric  Emergency 
System,  a  system  that  organizes  pedi- 
atric equipment  according  to  the  weights 
and  sizes  of  pediatric  patients.  The  cart 
also  has  a  breakaway  lock,  ball-bear- 
ing drawers,  a  seamless  plastic  top.  5- 
in.  all-swivel  casters,  ergonomic  push 
handles,  and  a  full  wrap-around  rubber 
bumper.  Circle  number  188  for  more  in- 
formation about  this  cart  from  Arm- 
strong Medical. 


Minivan.  Independent  Mobility  Sys- 
tems Inc  introduces  the  new  wheelchair- 
friendly  minivan — Rampvan  .  The 
Rampvan  is  a  Ford  Windstar  or  a 
Chrysler  minivan  converted  for  people 
who  use  wheelchairs.  According  to  the 
manufacturer,  the  van  has  undergone  the 
most  thorough  crash  and  safety  testing 
in  the  industry.  The  van  has  a  kneeling 
suspension  for  a  better  ramp  angle:  an 
automatic  door:  quick  entr>'  and  exit  con- 
trols on  the  dashboard,  inside  the  door, 
and  right-rear  quarter  panel:  a  low  floor 
for  better  headroom:  exchangeable  and 
remoxable  front  seats:  and  4  interior 
wheelchair  tie-down  positions.  The  ramp 
folds  out  of  the  way.  swings  open  for 
nonwheelchair  passengers,  acts  as  a  safe- 
ty-gate, and  senses  obstructions  and 
stops  until  clear.  Other  options  are  avail- 
able. Circle  reader  service  card  number 
1 89.  for  details  from  Independent  Mo- 
bility Systems. 


Blood  Gas  Quality  Control 
Program.  Radiometer  America  Inc  re- 
leases On  Track  with  Qiialit}'  Control — 
a  literature  package  describing  the  clin- 
ical rationale  behind  blood-gas  quality 
control  and  related  procedures.  The  in- 
formation is  divided  into  3  booklets.  The 
first  booklet,  according  to  Radiometer, 
explains  the  clinical  background  for 
quality  control  and  the  need  to  imple- 
ment a  well-functioning  quality  assur- 
ance program.  The  second  describes  an 
easy-to-use  ;ind  easy-to-implement  qual- 
ity assurance  program  for  blood-gas  an- 
alyzers. The  third  booklet  introduces  sev- 
eral tools  available  from  Radiometer  for 
using  the  system.  For  copies  of  the  book- 
lets, circle  Radiometer  America's  read- 
er service  care  number  190. 
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problem  into  focus. 
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than  40  published  research  articles. 
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and  editorial  comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  iinohing  pulmonary 
function  tests. 

Cardiorespiralorv   Interactions.  A  case  report  demonstrating 

the  nitcraction  bciuccn  the  cardiovascular  and  respiratory  .sys- 
tems. It  should  be  a  patient-care  scenario;  however,  the  case — the 
central  theme — is  the  systems  interaction.  CRI  is  characterized 
by  Hgures.  equations,  and  a  glossary.  See  the  March  1996  issue 
of  RispiratoR"!  Cari;  for  more  detail. 

Test  N  our  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing puhnonary  medicine  radiography  and  including  one  or  more 
radiographs,  may  involve  imaging  techniques  other  than  conven- 
tional chest  radiography. 

Review  of  Book.  Film.  Tape,  or  S(ift«are:  .A  balanced,  critical 
re\  iew  of  a  recent  release. 
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Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  11  in.  (216  x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10 
points  ui  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  comers.  Indent  paragraphs  5 
spaces.  Do  not  justify .  Do  not  put  authors"  names  or  other  iden- 
tification anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page,  Abstract.  Text.  Product-Sources  List. 
Acknowledgments,  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients.  Equipment. 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journars  style  for  references.  Abbreviate  journal  names  as  in 
Index  MedicLis.  List  all  authors. 

Article  in  a  journal  carrying  pagination  ihrotighout  volume: 

1 .  Riiu  JL,  Harwood  RJ.  Comparison  of  nehuli/er  deli\ery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;37(ll):l23.1-i;4(l. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

2.  Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  1991  ;l.'i(Mar):6 1. 62.64. 

Corporate  author  journal  article: 

?i.  American  Association  for  Respiratory  Care.  Criteria  for  esiab- 
lishing  units  for  chronic  ventilator-dependcnl  patients  in  hospi- 
lals.  Respir  Care  1988:3.^(1  l):1044-lt)46. 

Article  in  journal  supplement:  I  Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
I986;89(.^.  Suppl,);LW.S-l43S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(1 1); 
1087-1088. 


Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  during  spirometry'.'  (editorial).  Am  Rev 
Respir  Dis  1993:148(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  puhiionary 
disease  (editorial).  Lancet  1992;340(8833):1440-I441. 

Letter  in  journal: 

8.  Aelonv  "I'.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  199I:99(4):I05I. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma,  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura.  1990:76-85. 

Corporate  author  book: 

1 1 .  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group,  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  1.  Fig.  2,  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures:  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  prodtict-sources  page. 
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Commercial  Products.  In  parentheses  in  the  text,  identity  any 
commercial  product  (including  model  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name.  city, 
and  stale  or  country.  If  four  or  more  products  are  inentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the  Refer- 
ences. Provide  model  numbers  when  available  and  manufactur- 
er's suggested  price,  if  the  study  has  cost  implicati<ins. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  of  laboratory  animals  was  followed. 

Statl.stics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p-values  in  Results.  Cite  only  text- 
book and  published  ailicle  references  to  support  choices  of  tests. 
Identify  any  general-use  or  commercial  computer  programs  used, 
naming  manufacturers  and  their  locations.  These  should  be  listed 
on  the  product-sources  page. 

Units  of  Measurement.  Hxprcss  measurements  of  length,  height. 
weight,  and  \olume  in  metric  units  appropriately  abbreviated: 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
Internationale)  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  equivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example,  "PEEP,  10  cm 
H:0  |().9cS  I  kPa|."  For  conversion  to  SI,  see  RESPIRATORY  CARE 
1988;.'^.^(l()l:S61-S7.^(Oct  1988)  and  I989;.^4(2):  14.5  (Feb  1989). 

Conflict  of  Interest.  Authors  are  asked  to  disclose  any  liaist)n  or 
financial  arrangement  they  have  with  a  manufacturer  or  distribu- 
tor whose  product  is  part  of  the  submitted  manuscript  or  with  the 
mantifacturcr  or  distributor  of  a  competing  product.  (Such 
arrangements  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
included  on  the  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  ahbrcsialions  and 
symbols.  Avoid  creating  new  abbrcv iations.  ,'\\i)id  all  abbrevia- 
tions in  the  title  and  unusual  abbre\  iaiions  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  tiines  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg.  10  L/min.  \5  torr.  2..^  kPa). 

Please  use  the  following  forms:  cm  H;()  (not  cmH2()l.  f  (not 
bpm).  L  (not  1),  L/min  (not  l.PM.  l/min.  or  Ipm).  niL  (not  ml), 
mm  Hg  (not  minHg),  pH  (not  Ph  or  PH).  p  >  0.001  (not  p>0.001 ), 
s  (not  sec),  SpO;  (pulse-oximctrs  saturation). 


.Submitting  the  .Manuscript 

Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  RESPIRATORY  CARE.  1 1030  Abies 
Lane,  Dallas  TX  75229-4593.  Do  not  fax  manuscripts.  Protect 
figures  with  cardboard.  Keep  a  copy  of  the  manuscript  and  fig- 
ures. Receipt  of  your  manuscript  will  be  acknowledged. 

Computer  Diskettes.  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  3.5 
in.  diskettes  written  in  Microsoft  Word  \ersions  4.0  and  5.0  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  dale: 
author's  name:  name  of  word-processing  program  and  \ersion 
used  to  prepare  documents;  and  filename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  must 
he  in  their  own  separate  files,  w  ith  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publicaticm.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  not  be  submitted.  In  spe- 
cial instances,  the  Editor  may  consider  such  material,  provid- 
ed that  permission  to  publish  is  given  by  the  author  and  orig- 
inal publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

Authorship.  .^11  persons  listed  as  authors  should  have  partici- 
pated in  the  reported  work  and  in  the  shaping  of  the  manuscript; 
all  must  have  proofread  the  submitted  manuscript;  and  all  should 
be  able  to  publicly  discuss  and  defend  the  paper's  ct)ntent.  A 
paper  with  corporate  auth<irship  must  specify  the  key  persons 
responsible  for  the  article.  Authorship  is  not  justified  solely  on 
the  basis  of  solicitation  of  funding,  collection  or  analysis  of  data, 
provision  of  ad\ice,  or  similar  services.  Persons  who  prmide 
such  ancillary  services  exclusively  may  be  recognized  in  an 
Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures 
or  tables);  to  use  illustrations  of.  or  report  sensitive  personal 
information  about,  identifiable  persons;  and  to  name  persons  in 
the  Acknowledgments  section. 

Ke^ic\vers.  Please  supply  the  names,  credentials,  affiliations. 
addresses,  and  phone/fax  numbers  of  three  professionals  whom 
you  consider  expert  on  the  topic  of  your  paper.  Your  manuscript 
may  be  sent  to  one  or  more  of  them  for  blind  peer  review . 
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Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  he  listed  here  Iree  o! 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue. 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESP1RATOR1'  CARE  Notices  Dept.  1 10.^0  Abies 
Lane.  Dallas  TX  75229-4593. 


The  National  Board  for  Respiratory  Care — 1996  Examination  Dates  and  Fees 


Examination 

CRTT  Examination 


RRT  Examination 


CPFT  Examination 


RPFT  Examination 


Perinatal/Pediatiic 
Respirator\'  Care 


Kxaminatiun  Date 

March  9.  19% 

Application  Deadline:  JanuaiA  I.  1996 

July  20,  1996 

Application  Deadline:  May  1.  1996 

November  9.  1996 

.Application  Deadline:  September  I.  1996 

June  1.  1996 

.Application  Deadline:  Febraary  I.  1996 


December?.  1996 

Application  Deadline:  August  1.  1996 

June  1.  199f) 

.Application  Deadline:  April  I.  1996 

December  7.  1996 

Application  Deadline:  .September  I.  1996 

March  9.  I99fi 

Application  Deadline:  .November  1.  199.^ 


Kxaminatiun  Fee 

S  90  (new  applicant) 

60  (reapplicant) 

100  {new  applicant) 

60  (reapplicant) 

100  (new  applicant) 

60  (reapplicant) 

1(X)  Written  only  (new  applicant) 

60  Written  only  (reapplicant) 

110  CSE  only  (all  applicants) 

210  Both  ( new  applicant) 

170  Both  (reapplicant I 

1  10  (new  applicant) 

80  (reapplicant) 

160  (new  applicant) 

\iO  (reapplicant) 

160  (new  applicant) 

\M)  (reapplicant) 


For  information  about  other  services  or  fees,  write  to  the 
National  Board  for  Respiratory  Care,  8310  Nieman  Road.  Lenexa  KS  66214.  or  call  (91.1)  599-4200. 


Internet  Access  to  the  FDA 
http://www.fda.gov 


The  FDA  Internet  Home  Page  provides  information  on 

food,  human  and  animal  drtigs.  biologies,  medical  devices, 
the  latest  press  releases.  Enjorccment  Reports,  and  Federal 
Register  notices.  The  Internet  address  can  also  connect  in- 
formation highway  users  to  consumer  education  materials, 
industry  guidance,  bulletins  for  health  professionals,  the 
agency's  bulletin  board,  full-text  searches,  and  links  to 
other  FDA  documents  and  oovernment  Internet  sites. 


Now  Available  from  the  FDA: 

Information  Sheets  for 
IRBs  &  Clinical  Investigators 

The  FDA  now  offers  new  information  sheets  to  help  insti- 
tutional review  boards  (IRBs)  and  clinical  investigators; 
the  sheets  are  a  revision  of  information  previously  issued 
in  1984  and  1989.  The  information  sheets  include:  an- 
swers to  questions  frequently  asked  of  the  FDA.  on  drugs 
and  biologicals.  medical  devices,  FDA  on-site  inspections, 
and  more. 


If  an  Internet  connection  is  not  available  or  for  information 
on  how  to  connect  to  the  FDA  Home  Page,  call  (301 )  443- 
4908  between  7  AM  and  5:30  PM  EST. 


For  a  copy,  contact  the  Health  Assessment  Policy  Staff. 
Office  of  Health  Affairs.  (301)  443-1382,  or  access  the 
FDA's  Internet  Home  Page  at  http://www.fda.gov. 
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For  VOLUNTARY  rtportins 

by  health  professionals  of  ad\erse 

events  and  product  problems 


FDA  Use  Only  (RESP  CARE) 


Page 


1    \_\  Adverse  event       and  or 


Product  problem  (e  g  .  defects/malfunclions) 


2    Outcomes  attributed  to  adverse  event 

(check  all  that  apply) 

I     I  death    


I     I  life-threatening 

I     I  hospitalization  -  initial  or  prolonged       Q  othe 


I     I  disability 

[     [  congenital  anomaly 

I     I  required  intervention  to  prevent 
permanent  impairment/damage 


3  Date  of 
event 


4  Date  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


7    Otiier  relevant  history,  including  preexisting  medical  conditions  (eg,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc  ) 


Mail  to:    Ml  dWaTCH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville.  MD  20852-9787 


Triage  unit 
sequence  # 


C.  Suspect  medication(s) 


1     Name  (give  labeled  slrength  &  mfr/labeler,  if  knowni 
#1 


2    Dose,  frequency  &  route  used 

#2 


3    Therapy  dates  (i*  unknown,  give  duration) 

Irotn  IQ  (Of  best  estimate) 

#1 


4,  Diagnosis  for  use  (indication) 

#1 


#2 


6    Lot  #  (if  known) 

#1 


7    Exp.  date  (if  knowni 
#1 

#2 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  n™    Dgg^Py"' 


.2  Dyes  n  no    DggBPy"' 


8     Event  reappeared  after 
reintroduction 

#1  Dyes  Dno    ngg^fy"' 


#2  Dyes  D™    D^g^Py"' 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1     Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


5 
model  # 

catalog  # 

serial  # 

lot#  


other  # 


4    Operator  of  device 

I     I  health  professional 

I     I  lay  user/patient 
□  other: 


5    Expiration  date 

(mo  day  y'i 


7    If  implanted,  give  date 

Imo'day'vd 


8     If  explanted,  give  date 

imi3  day  V" 


9    Device  available  for  evaluation?                 (Do  not  send  to  FDA) 
I     I    yes  EH  "°  CD  returned  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  back) 


Name  &  address 


phone  # 


2    Health  professional? 

□   yes       n    "0 


3      Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  ■"  X  "  in  this  box.      | 1 
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Calendar 
of  Events 


AARC  &  Affiliates 

May  15-17 — Southwest  Region  of  the 
Texas  Society 

"25  Years  of  E.xcellence"  Seminar  at  the 
El  Paso  Airport  Hilton.  El  Paso,  Texas. 
CRCE:  cretjit  requested. 
Contact:  Maria  Soto,  Mobile 
Diagnostics,  at  (915)  593-3519. 

May  18-21 — Washington  Society 

23rd  Annual  Pacific  Northwest  Regional 
Respiratory  Care  Conference  at 
Cavanaugh's  Inn  at  the  Park,  Spokane, 
Washington. 

Contact:  Bob  Bonner,  Chair  of  the 
Health,  Education  and  PE  Division, 
Highline  Community  College,  PO  Box 
98000,  Des  Moines  WA  98198,  (206) 
878-3710.  exl  3469. 

May  21 — AARC  Video  Conference 

"Managing  Demand  for  Respiratory  Care 
Services."  Part  3  of  the  1996.  7-part 
video  conference.  "Professor's  Rounds  in 
Respiratory  Care"  from  12:30  to  2  PM 
Eastern  Time.  Live  telephone  question- 
and-answer  session  on  June  10. 
CRCE:  1  hour. 
Contact:  AARC  at  (214)  243-2272. 

May  21-23 — Arizona  Society 

Annual  Education  Seminar  at  the 

Phoenix  Civic  Pki/a  in  downtown 

Phoenix,  Arizona. 

Contact:  ASRC.  3900  E  Camelback  Rd, 

Suite  200,  Phoenix  AZ  85018. 

(602)912-5300. 

May  23-25 — Colorado  Society 

Annual  Conference,  "Cairying  the 

Torch,"  at  the  Marriott  Vail  Mountain 

Resort  in  the  Colorado  Mountains.  Vail, 

Colorado. 

Speakers:  Dr  Fonest  Bird  and  Dr  Martin 

Zamora. 

Contact:  Jill  Brown  at  (303)  352-6082  ext 

210  or  Phil  Goodman  at  (303)  436-6846. 


.June  10-14 — Florida  Society 

1996  Sunshine  Seminar  at  the 
Fountain  Blue  Hilton  Resort  &  Towers, 
Miami  Beach.  Florida. 
Contact:  Deborah  Heirick  at 

(305)  587-5010  or 
fax  at  (305)  583-2927. 

June  19-21 — Oklahoma  Society 

31st  Annual  Seminar  at  the  Radisson  Inn, 
Oklahoma  City.  Oklahotiia. 
Contact:  Gennie  Ridlen  at 
(405)680-2154. 

July  9 — AARC  Video  Conference 

"Capturing  Respiratory  Services 

Outside  the  Hospital  Part  1:  Home  Care," 

Part  4  of  the  1 996,  7-part  video 

conference.  "Professor's  Rounds  in 

Respiratory  Care" 

from  12:30  to  2  PM  Eastern  Time. 

Live  telephone  question-and-answer 

session  airs  July  29. 

CRCE:  1  credit  hour. 

Contact:  AARC  at  (214)  243-2272. 

July  17-19— Texas  Society 

Annual  Convention. 

"LIpgrade  Your  Memory," 

at  the  Wyndham  Analole  Hotel. 

Dallas,  Texas. 

CRCE:  credit  requested. 

Comact:  TSRC  at  (214)  680-2454. 


Other  Meetings 

May  31-June  2 — University  of 
Virginia  and  Medical  College  of 
Virginia  ECMO  Programs 

6th  Annual  Southeastern  ECMO 
Conference  at  the  Hyatt  Regency, 
Richmond,  Virginia. 
Contact:  Bobbi  Ksenich, 
University  Health  Sciences  Center, 
NICU.  7  East,  Charlottesville  VA  22908, 
or  call  Gail  Allen  at  (804)  828-2754. 


June  26-29— ECMO  Programs 

5th  European  Extracorporeal  Support 

Organization  Conference, 

Stockholm,  Sweden. 

Contact:  the  Congress  Secretariat  at 

-1-46  8  612  6900 

or  fax  4-46  8  612  6292. 

September  18-21 — Costa  Rica  Society 
for  Respiratory  Therapy 

2nd  Latin  .America  Congress  and  the 
4th  Central  America  and  Caribbean 
Congress  for  Respiratory  Therapy, 
"Advances  in  Respiratory  Therapy" 
in  San  Jose,  Costa  Rica. 
Contact:  Isabel  Mesen-Sequeira, 
administrative  assistant, 
PROJECTHOPE,  SJO  078,  PO  Box 
025369,  Miami  FL  33102, 
011-506-290-4242. 
fax  01  1-506-246-3531. 

September  19-21— ECMO  Programs 

8th  Extracorporeal  Life  Support  Organi- 
zation Conference  at  the  Ritz  Carlton. 
Dearborn,  Michigan. 
Contact:  Phoebe  Hankins  at 
(313)998-6600. 

October  23-25— ECMO  Programs 

10th  Western  ECMO  Conference, 
Rancho  Mirage,  California. 
Contact:  Janie  Waggoner  of  the  Loma 
Linda  ECMO  Program  at 
(909)478-8781. 

November  10-14 — Asia  Pacific  Associ- 
ation for  Respiratory  Care 

5th  Congress  of  APARC  at  the 
Bangkok  Convention  Centre  and 
Central  Plaza  Hotel. 
Bangkok.  Thailand. 

Abstracts  must  be  submitted  by  July  31 . 
Contact:  Congress  Secretariat.  5th 
Congress  of  APARC.  Congress  and 
Convention  Experts  (Thailand)  Co  Ltd. 
PO  Box  10-163.  Ladphrao.  Bangkapi, 
Bangkok  10310.  THAILAND. 
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The  Bear^  1000  Ventilator 
with  SmartTrigger; 

The  intelligent  system  that  triggers  by  pressure  or  flow. 


Some  patients  trigger  ventilation  on  pressure.  Others 
trigger  more  effectively  on  flow.  Only  the  Bear  1000 
Ventilator  accommodates  both. . .  with  the  innovative 
SmartTrigger  option. 

SmartTrigger  actually  thinks  for  itself.  Once  you  set 
independent  flow  and  pressure  thresholds,  SmartTrigger 
applies  computer  logic  to  evaluate  patient  demand. 
It  then  triggers  a  breath  with  either  pressure  or  flow — 
whichever  is  fastest. 

No  other  adult/pediatric  critical  care  ventilator  offers 
you  this  patient  management  option.  No  other  ventilator 
works  harder  to  make  ventilation  easier  on  your  patient. 

The  Bear  1000  Ventilator  also  offers  other  options 
that  help  bring  it  and  your  patient  into  closer  harmony: 


Pressure  augmentation...  assures  patient/ventila- 
tor synchrony  with  superior  flow  demand  matching,  all 
while  ensuring  a  minimum  tidal  volume  delivery. 

Pressure  slope...  tailors  rise  time  to  the  inspiratory 
pressure  level,  more  closely  matching  gas  delivery  to 
clinical  requirements. 

PC-SIMV...  offers  indepenJenf  pressure  control  and 
pressure  support,  at  target  pressures  you  set  for  all 
demand  breaths. 

The  Bear  1000  Ventilator.  From  the  moment  you 
turn  it  on,  you  can  sense  its  inherent  intelligence. 
Learn  more  about  SmartTrigger  and  the  Bear  1000 
Ventilator  from  your  Allied  Healthcare  representative, 
or  call  1-800-232-7633. 
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INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


NEW,  Advanced  ASPXR-PULSE    Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pu/saiion  techniques 


ITM 


NEW,  Purge  Guard' 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  OneHanded  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca+*  Lyte 

Precision  Heparin 


A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 
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See  your  Sherwood  Medical  OR/Critical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPlR-Pu/se    Arterial  Blood  Gas  Kits. 


CI 994  Sherwood  Medical  Company 
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